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Section 1 
INTRODUCTION 

In early 1963 the Missile and Space Systems Division of Douglas Aircraft 
Company, Inc. was asked to recommend the best method for obtaining early 

experimental information on the physical and chemical characteristics of the 

lunar surface material. The use of a chemical flare, composed of chlorine 

trifluoride and aluminum, had already been proposed in late 1962 by the Pro- 
pellants Division of Amoco Chemicals Corporation. On the basis that any in- 

formation, i f  it was to be obtained at an early date, should be both simply and 

economically obtained, Douglas recommended that the Amoco proposed flare 

be integratedwitha spacecraft inDouglas Report SM-434201, dated 19 October 1963. 

Subcontractors were brought together to form a capable investigating team, 

which included the Electro-Optical Division of Perkin-Elmer Corporation and 
Shock-Hydrodynamics, Inc. On 1 April 1964, this team was awarded a con- 

trirf tn investieate Y experimentally and analytically the feasibility of utilizing 

such a lunar-flare concept to analyze the chemical composition and physical 
structure of the moon's surface. Unfortunately, system feasibility considera- 
tions were not funded in this initial study. 

Facts concerning chemical composition and the physical structure of the lunar 

surface will  have a profound effect on current planning for the United States' 

space program. 

on the moon's surface is more than 6 feet deep, and formed of very porous 

material, would certainly influence the design of the Lunar Excursion Module 

for Apollo; moreover, the discovery that chemically bound hydrogen is present 

on the moon might dramatically reduce the cost of interplanetary exploration 

by an order of magnitude. 

ELF studies seem to indicate that such questions can be resolved by an early 

flight program which utilizes the lunar-flare concept. 

To cite a few examples; the determination that the dust layer 

The results obtained thus far in the preliminary 



Section 2 

SUMMARY 

Several questions concerning the static and dynamic compati-ility of flare 
structural materials with chlorine trifluoride have been answered. 

bustion tests indicate that a slightly aluminum-rich-mixture ratio gives the 

best performance if the aluminum is finely divided. 

as the vacuum tests show that increasing the soil dilution decreases the light 

yield from the flare. The vacuum tests of the flare indicate a fairly high de- 

gree of soil constituents excitation. Also, differentiation between calibration 

and soil shots a s  well as  between three different soils is easily made from the 

resulting spectra. Conversion of chemical energy into light energy was ap- 

proximately one-half of one percent for both the air  combustion and vacuum 

impact tests. The peak temperature achieved in the tests was estimated to 

be roughly 5000°K. 

in both hard and soft targets. 

a full-size flare (50,000 grams) on the moon was evaluated from an earth ob- 

servational standpoint and found to be adequaie ZGL- sc=-e~zI cksres  of equip- 

ment and instrumentation (existing and proposed) which can be used to record 

and analyze spectroscopically and photometrically. 

capabilities a number of observatories in the southwest U. S. wil l  be required 
to observe the event. 
the moon presents no unusual problems and can be easily accomplished by the 

Deep Space Net. 

speed computers and results indicate that a triorthogonal configuration has 

the greatest probability of successfully meeting all the requirements in a near- 

surface reaction against both hard and soft targets. 

Ai r  com- 

These same tests as well 

The impact tests proved impact ignition at lunar speeds 

The light output from the tests extrapolated to 

Because of their varied 

Prediction of where and when the flare would impact 

Finally, an analysis of the impact event was made on high- 
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Section 3 
EXPERMEN TATION 

The purpose of all experimentation w a s  to establish the technical feasibil i ty of 

using a high-temperature chemical f la re  concept to determine approximate 

chemical and physical charac te r i s t ics  of simulated lunar surface mater ia l s .  

The experiments were  to be simple, economical, and accelerated;  however, 

as the program got underway it soon became obvious that these operational 

objectives would have to be compromised somewhat in o rde r  to obtain suff i -  

cient confidence in feasibility. 

mental  definition of the impact phenomena to be expected, the t ime his tory of 

tempera ture  and light intensity for  the reactants chosen under varying condi- 

tions, and the spec t ra l  determination of the relative abundance of soi l  con- 

st i tuents admixed in an aluminum/chlorine tr if luoride flame. The specific 

technical objectives of the experiments were: 

The general  technical objectives were:  experi-  

1. 

2. 

3. 

4. 

5. 

6 .  

To determine s ta t ic  and dynamic compatibility of candidate payload 
m a t  e rials 

i o  dei;erri&C the lzminnsity and temperature  of the reaction. 

To determine the scaling factors which would lead to the prediction oi 
paramete r s  for  the full sca le  flare. 

Determine whether the reaction chosen would activate simulated lunar 
soi ls  spectroscopically. 

To determine the effects of high speed impact on reaction initiation, 
luminosity, and soi l  involvement. 

To determine spectroscopic correlation of relative abundance of soi l  
constituents. 

- 

TO accomplish these objectives the following experiments were  planned and 

c a r r i e d  out. 

5 



3.1 COMPATIBILITY EXPERIMENTS 

6 
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The objective of these tests was to determine whether o r  not basic f l a r e  ma- 

terials were compatible under the anticipated environmental conditions. 

3.1.1 Static Compatibility Tes ts  

These tests were  to determine the compatibility of candidate f la re  materials 

under static, elevated tempera ture  conditions over a relatively long period of 

time. Results would be used to answer filling, sealing, and s torage  questions 

concerning the end-item f lare .  

3.1.1. 1 Summary 

Eight small  ( ~ c c ) ,  heavy-wall, aluminum containers were  filled with C T F  

and stored f o r  seven days at 340°K (92 psi). 

could not be opened. 

ta iner  body. 

One leaked empty and two o thers  

The other  five showed very  l i t t le cor ros ion  in the con- 

The threads of the one that leaked showed some corrosion. 

3.1.1.2 Tes t  Setup 

A standard temperature  controlled oven located in a test bay at the Amoco 

facility at Seymour, Indiana was used. 

3.1.1.3 Instrumentation 

Standard temp e ra tur  e gauge 

3. 1.1.4 Results 

The containers were  fabricated f r o m  1100 and 6061 aluminum and five of the 

eight containers survived the tes t  sufficiently well  to conclude that mass ive  

aluminum i s  stable toward C T F  (as received f r o m  the mfgr ,=  1% HF) under 

s torage  at 340°K. The sea ls  remain a questionable item. 

3. 1.2 Dynamic Compatibility Tes t s  

The purpose of these  tests was to de te rmine  the compatibility of candidate 

f la re  mater ia ls  in dynamic, elevated t empera tu re  environment f o r  sho r t e r  

periods of time consistent with expected flare launch and handling conditions. 



3.1.2.1 Summary 

Two small configuration vesse ls ,  one thin walled, were  subjected to vibra- 

tion, drop, and rifle f i r e  impact tes ts .  T h e  thin-walled vesse l  contained 

aluminum powder and foi l  in a stoichiometric mixture  ra t io  with CTF. 

vesseles  were  stable under all conditions tested. 

Both 

3.1.2.2 Tes t  Setup 

F o r  the vibration tes t s  a s tandard uniaxial shaker  with mount s t e m  protruding 

thru a hole in the s ide of the temperature controlled oven was employed. 

clamp on the end of the s t e m  held each vessel during its test .  

shown in Table 3-1 were  scanned manually and when a resonance was ob- 

se rved  the t e s t  was conducted at that point; i f  no resonance occurred  a mid- 

range setting was employed fo r  the duration of the test .  All t es t s  were  run 

at 340 OK. 

A 

The frequencies 

Table 3-1 

VIBRATION 

Frequency Acceleration 
(CPS) (d 

10 2 

5-50 2.3 

50 -500 11 

500-2000 21 

2000-3000 40 

3000-5000 21 

Duration 
(min. ) Simulation 

60 Grount Transpor t  
iii L.SUKh 

10 Launch 

10 Launch 

10 Launch 

10 Launch 

The drop  tes t s  were  made  to determine the sensit ivity of f l a r e  configurations 

in c a s e  of an  accidental  drop. 

of 8 feet  onto concrete  resulting in estimated decelerations up to 50, 000 g. 

Two configurations were  dropped f r o m  a height 

The two vessels that could not be opened after the static compatibility t e s t s  

were  subjected to .22 ca l ibre  rifle fire at room temperature .  

7 



3.1.2. 3 Instrumentation 

A vibration scanner,  clock, and standard tempera ture  gauge were used in 
conjunction with vi sua1 observations.  

3.1.2.4 Results 

In the vibration tes t s  both vesse ls  were  stable under all conditions; no init ia- 

tion occurred. 

disposed of by rif le fire. 

In the drop t e s t  no initiation occurred,  and the vesse ls  were  

In the rifle fire tes t s  the contents of both vessels  ignited and burned including 

the lead bullet (which was  contained in  the aluminum shell). 

sel w a s  substantially unaffected despite initiation of a lead-CTF f lare .  

However, the ves-  

3.2 COMBUSTION EXPERIMENTS 

These experiments compr ise  some of the efforts of Amoco in establishing 

design parameters  fo r  optimum mixture  ratio,  configuration, scaling factor ,  

effects of soil  penetration, and vacuum compatibility of the chemical  reaction 

chosen. 

3. 2. 1 Mixture Ratio Tes ts  

3.2.1.1 Summary 

These tes ts  had three  objectives; (1) to maximize the f lame tempera ture  

(2) to maximize the light yield and (3) to a sce r t a in  the effect of depar ture  

f r o m  stoichiometric ratio,  (which will cer ta inly occur  at impact).  Also, 

since lunar soi l  

might be a pr ior i  desirable.  

will probably be  react ive with C T F ,  it was fel t  excess C T F  

The resu l t s  are descr ibed as follows. 

3.2. 1 .2  Test Setup 

The mixture-ratio tes t s  were  made using Configuration X, which is a small 

aluminum canister weighing f r o m  th ree  to eight g r a m s  (depending on design) 

filled with high su r face  a r e a  aluminum (powder and shredded foil)  premixed 

with CTF. The ignition sys t em consisted of a Teflon co rk  fitted to the neck 

of the can thru which two aluminum lead w i r e s  w e r e  inser ted.  The ends of 

8 
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the lead wire ,  terminating inside the cannister,  were  c r imped over  aluminum 

wool. The other  ends were  hooked to  a low power arc welder. 

3.2.1.3 Instrumentation 

The instrumentation used had these specifications: 

Spectrograph: Bausch & Lamb Model No. 11 

Sp e ct rum: 3700 - 7400 a 1st o r d e r  

2nd o r d e r  1850 - 3700 x 
Dispersion: 1 5 2 / m m  1st o r d e r  

7 .5R/mm 2nd o r d e r  

Resolving Power:  70,000 2nd o r d e r  

Grooves p e r  mm: 450 

Blaze: 49002 1st o r d e r  

2450a 2nd o r d e r  

Film: Kodak High Speed Infrared HIR 421 - 1  
(Similar to type 1-N) 

Camera :  Fastax DWF-3 16mm 

Film: Kodachrome 11 & Ektachrome E R  

- 
L- y r 0 Ill E t  e T : -_ T .and Pvromete r s  Ltd. , f r o m  Atlantic Pyrometers .  

Response Speed - less than 0.001 sec.  

Accuracy - Black body f 3/4% 

U s e s  a sil icon cell. 
r e s i s t o r  is measured with a type 304-A Dumont Oscillo- 
graph; the response is photographed with a Polaroid 
camera.  

The voltage drop a c r o s s  a 2500- a 

Photometer:  Solar Systems,  Inc., Model SS300 silicon cell,  response-  
20 microseconds o r  less; output d i rec t  to a Honewell 
Oscillograph Model 906 with V450-55B galvanometers with 
55- ashunt - response  of 460 cycles  (full scale). 

3.2.1.4 Results 

T e s t  f i r ings  3, 4, 5, 11 and 12 were made  (see Table 3-2). 
6 6 var ied  f r o m  4.4 to 10 lumen seconds to 0.53 x 10 lumen seconds; in general  

these shots  suffered f r o m  variation due to e r r a t i c  rupture of the rather thin 

Light yield 

9 
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SUMMARY OF DATA C 

Temperature Ligl I 

("C) - (10 Flare 

1/50  8.5 2.1 11.2 29. 2 

2 150 

3 150 

4.1 7, 0 

3.7 2.4 

0 

13.6 

41. 3 

34.7 

- 
1890 

4 /50  3.8 2.4 11.7 35.2 > 2625 

5/50 

6 I 5 0  

3.7 2.4 
8.1 2.4 

7.6 

12.6 

1680 

> 2590 

40.0 

35.5 

7 /50  3.9 14. 1 

8.5 2.4 

8.9 2.4 

3.6 2.4 

3.7 2.4 

0 35.1 

39.7 

2375 

8/50 7.6 2325 

9 150 13.6 34.6 > 2640 

10150 36.2 >2600 11.7 

11 150 7.6 41.2 >2640 

12/50 7.6 3.6 ' 2.4 

3.6 2.4 

3.3 ' 2.4 

9.7 10.0 

33.4 6.5 

73.1 140.1 

40.0 2025 

13 /50  7.6 39.6 3000 

14/50 7.6 39.9 2025 

15/50 0 

16/50 

1 1500 

36.0 7.5 

0 370.0 <2715 
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>le 3-2 

)N FLARE TESTS (AMOCO) 

0.90 

4. 36 

1.04 

0. 89 
2.55 

2. 19 

0.90 

1.51 

1.36 

3.97 

0.53 

1.5 

3.35 

- 

- 

t Yield 
lumen sec.  ) c- Duration Li ht Peak  

(10 5J lumens) Comments (msec. ) 

Configuration X vibration 
and drop  t e s t  

Configuration t e s t  all foil 

Mixture ra t io  test a lumi-  
num r ich  

Mixture ra t io  test 
Stoichiometric 

Mixture ra t io  test C T F  r ich  

Configuration test heavy 
casing 

Configuration t e s t  repeat  
4/50 all foil  

Configur ation test repeat  
5 / 5 0  heavy casing 

Configuration t e s t  repeat  
3/50 heavy casing 

Configuration t e s t  repea t  
4/50 at -78" 

Mixture ra t io  t e s t  plus 
gabbro 44 microns  

Mixture ra t io  test Gabbro 
44 mic rons  in  can  

Burial  t e s t  1 / 2  d iameter  
d i r ty  sand 

Burial  test 1 d iameter  
dir ty  sand 

Accidental ignition during 
loading 

C T F  and aluminum separated,  
rifle initiation 

500 g r a m  spher ica l  flare 
3003 aluminum 

3. 8 

3. 8 

112 

24 7 

13.0 18 

1.1 

17.4 

79 
63 

2.1 174 

1.9 95 

15.5 23 

13.8 78 

2.9 84 

0.6 Estimated 
53 msec.  

45 4.8 

0.39 Est imated 
262 msec. 

3.0 



Tab 

Casing 
(gm) 

38.5 

Foi l  
(gm) 

Powder 
(gm) 

2.1 

CTF 
(gm) 

Temperature L 
(" C) - ( 1  Flare 

Shot- 
gun 
No. 2 
18/50 

0.15 4.3 

9.6 38.4 3760 14.1 0 

19/50 
20/50 

9.7 
9.7 

14.1 
14.1 

0 
0 

37.1 
37.0 

>3660 
1960 

20 /50 9.7 14.1 0 37.0 1960 

21 /50 9 . 8  14.1 0 39.4 

24/50 3. 8 2.4 7.6 40.4 - 
> 3440 28/50 19.3 7.0 37.9 7.0 

32/50 9.1 14.0 0 38.7 

1 /5000 
31/10 

696.4 
3.4 

3666 

6.7 
1405 

3.0 

0 
0 

c 
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;le 3-2 (Gont) 

bi ht Yield 
10 5 lumen sec . )  

1 0.47 
I 

Duration 
(msec. ) 

Li ht  P e a k  
(10 4 lumens) Comments 

High 8.2 C T F  a n l  A1 separated by 
1 mil A1 foil  ignited on 
acceleration 

Burial test gravel  1/2 
diameter 

Burial test gravel  1 diameter  

Burial test gravel  6 inches 
deep 

Burial  t es t  gravel  6 inches 
d e q  

Vacuum test, 22 mm of 
m9rcury  

Burial  t es t ,  6 inches deep 
d i j ty  sand 

2 * ch sphere,  1 / 2  burial  
In t iana soil 
1 /2 diameter  burial  1 /2  foil ,  
1 / 2  f ine wi re  

5000 g r a m  spherical  vesse l  

Vacuum te s t  10 mm of 
mercu ry  

1 5.6 11.5 28 

' 0.47 I 
1 0.28 

15.6 

0.28 
9.7 

(Est) 
160 

0.28 0. 28 

0.35 0.37 

0.02 0.03 

~ 0.30 10.6 

~ 0.27 10.1 4.8 

71 
0.021 

778 
0.12 

1 1 . 8  

164 
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f l a r e  cases used. 

and gave a shor te r ,  m o r e  consistent reaction time). 

light yield (calculated yield 87,  000 lumen seconds p e r  g r a m  of f lare) .  

ficiency of reaction (based on average wave length of 4200a) was estimated as 

1. 370 conversion of thermal  energy into light. 

t es t s ,  that  efficiency based on light measured  by photocell, ranges f r o m  0. 3 - 
1. 370 and also that aluminum r ich  f l a r e s  give the mos t  light. 

fuel ra t ios  give the fas tes t  reaction. 

fo r  fur ther  f lare  design but must  be used with caution in view of their being 

a i r - immersed  static shots. 

point; both contained powdered gabbro and yielded about thirty new and fair ly  

intense emission lines. 

run of a spectrogram on one of the control shots (9/50) is superimposed on 

Figures  3-1 through 3-5). Flare tempera tures  as measu red  by an  absolute 

brightness pyrometer were  only 1, 950-2900°K for this s e r i e s .  These 

suspiciously low tempera tures  a r e  possibly incor rec t ;  otherwise i t  mus t  be 

concluded that the r ich  shor t  wave length emission is not blackbody radiation. 

(Use of heavier  cans was studied in  the configuration t e s t s  

F i r ing  3 gave a very high 

Ef- 

It was concluded f r o m  these 

Stoichiometric 

These tes t s  yielded useful information 

Tes ts  11 and 12 demonstrated an  important 

(See F igures  3-1 through 3-5. ) A microdensi tometer  

3. 2 .2  F l a re  Configuration Fac to r  Tes ts  

3.2.2.1 Summary 

Prel iminary resu l t s  of the compatibility tests and mixture  ra t io  tests prompted 

a change in the basic  flare design. 

num participates in  f l a r e  reaction only to a small extent. 

fectively in a f l a r e  reaction, the aluminum must  be  in  the f o r m  of a fine powder 

fine wi re  or  shredded foil which is thinner than 1 mil. 

These resu l t s  showed that mass ive  alumi-  

To par t ic ipate  ef- 

3. 2. 2. 2 Test  Description 

Six 50-gm flare t e s t s  were  made  to test the relat ive reactivity of aluminum 

sheet, foil, shredded foil, and powder. 

which, Test  2 initiated in the b a r r e l  and burned up in the flight. Tes t s  2, 6, 
7, 8, 9, and10 used two thicknesses  of a luminum casings (8 mil and 20 mil) 

and aluminum charges of aluminum powder, brand 1-131, and f l a sh  foi l  

(0.5 mil shredded foil) in var ious ratios.  

Two shotgun tests were  made, one of 
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Figure 3-1 Comparison of Pure Flare with Soil Flare, 3920A to 4070A 
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Figure 3-2 Comparison of Pure Flare with Soil Flare, 4040 i  to 4200 i  
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Figure 3-5 Comparison of Pure Flare with Soi l  Flare, 5 8 0 0 i  to 6 3 0 0 i  
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The ignition sys tem f o r  the s ta t ic  tes t s  was the same  as fo r  the mixture  

ratio tests. 

3.2. 2. 3 Instrumentation 

Same as used i n  mixture-ratio tes t s  (paragraph 3.2.1.3) except for  the 

spectrograph. 

3. 2.2.4 Results 

In general, stoichiometric loadings of aluminum to C T F  gave a rapid reaction 

estimated to be 1 millisecond o r  less  with the total  period of light emission 

being about 100 milliseconds. Vigorous shock waves were  generated; con- 

vers ion of energy into shock may reduce light yield. 

The use  of a heavier casing was not completely conclusive. 

reaction time of 23 m sec.  with a heavy casing, while Tes t  3 with a thin 

casing had a reaction t ime of 247 m sec.  On the other  hand, Tests  5 and 8 

had about the same  duration, though Tes t  8 had a higher indicated tempera-  

t u re  and a higher peak luminosity. 

Tes t  9 had a 

Changing the aluminum loading from mostly powder to all foil ( T e s t  2 and 7) 

had the effect of changing reaction ra te  to longer t imes.  

indicated that combining a light casing with foil resu l t s  in a somewhat slower 

reaction. 

These same  tes t s  

F o r  best  results it appears  the actual impact  f l a r e s  should consis t  of a charge  

of aluminum foil p r imar i ly  with C T F  and rely on rapid reaction, rather than 

impact containment, for  as effective a reaction as possible. 

Shotgun tests of s m a l l  f la res ,  made at a velocity of about 1000 f t / s e c . ,  show 

that CTF,  aluminum powder and f lash foil in contact with each other  (Tes t  1) 

did not show a measurable  light yield upon impact  with a cement target ,  and 

the aluminum powder and foil was not consumed. In a Tes t  2, the C T F  was 

separated f r o m  the aluminum powder and f lash  foil by a 1 mil. aluminum 

membrane. 

in flight, and did not hit  the ta rge t  due to aerodynamic instability of the 

It initiated upon acceleration within the gun b a r r e l  and burned 



ruptured case. 

when C T F  and fine aluminum a r e  suddenly placed in contact. These resul ts  

indicate that ignition occurs  either due to impact  shock o r  due to sudden ad- 

mixture  of unpassivated aluminum with CTF.  

These t e s t s  show that ignition occurs  much m o r e  readily 

The f la re  fo r  Tes t  15 exploded prematurely,  Although this configuration has  

been shown to b e  immune to shock o r  vibration, the test 15 f lare ,  which had 

just  been loaded, initiated a detonation type (1 millisecond) reaction while 

awaiting t ransfer  to the fir ing stand. Initiation was t raced  to a drop of water  

falling f r o m  a condenser onto the f lare ,  causing a CTF-water  f lame which 

propagated. 

3. 2. 3 Scaling Fac to r  Tes t  

3 . 2 . 3 . 1  Summary 

The object of these tes t s  was to gain information based on a diversified but 

small sca le  p rogram that could be  extrapolated into a full-scale flare design. 

Utilizing pertinent tabular data, with the necessary  averages drawn at the 50 

g r a m  size,  a correct ion factor  fo r  burial  and vacuum extrapolations to the 

l a r g e r  s izes  was obtained and applied to the l a r g e r  shots. 

that a lunar f l a r e  of 50,000 gms may be expected to yield at least 8000 lumen- 

s e c / g r a m  while par t ia l ly  buried (diluted with soil) in a vacuum. 

Results indicate 

3. 2. 3. 2 T e s t  Description and Results 

In this  s e r i e s  th ree  tests were  made using spherical  vessels  of Configuration 

X at m a s s e s  of 50 gms,  500 gms,  and 5000 gms. 

in the following paragraphs.  

It was f i r ed  f r o m  a two foot tripod and resulted in  a very  strong shock wave. 

In o r d e r  to minimize the shock wave and to simulate the lunar impact situation 

bet ter ,  the  l a rge  5000-gm flare was f i red while partially (5070) buried in 

soil. A 50-gm f l a re  of spherical  configuration was a l so  f i red while par t ia l ly  

buried (50%) in so i l  to provide a basis f o r  comparison between the 50-gm and 

the 5000-gm flares. 

flare, in which C T F  is i n  contact with finely divided aluminum, the f l a r e s  

The three  tests are descr ibed 

The f i r s t  scale-up t e s t  was the 500-gm f lare .  

Due to the extreme hazard involved in loading a l a rge  
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were  loaded remotely by means of nitrogen p res su re .  

a r d s  were minimized during the loading of the l a rge  f la res .  

In this way, the haz-  

50 G r a m  F l a r e  (28/50)  I 

In this test  a spherical  aluminum vesse l  0.032" thick was used. 

with a stoichiometric ratio of 5070 c o a r s e  aluminum powder (20 micron  par t ic le  

s ize)  and 50% f lash foil plus an appropriate amount of CTF. 

added to the aluminum sphere  remotely and the sphere  was f i red  while par t i -  

al ly buried (50%) in dry  Indiana clay soil. 

only 4.9 m sec.  

coa r se  aluminum powder. 

o r  6 , 0 0 0  lumen seconds p e r  g r a m  of f la re ,  but both tempera ture  and peak 

luminosity w e r e  high. The f i rebal l  f r o m  the f l a r e  was at leas t  six feet  in 

i It was loaded 

1 The C T F  was 

I 
The reaction was very  fast, lasting 

N o  moderation in the reaction ra te  was gained by using 
6 The light yield was low, 0.3 x 10 lumen seconds 

1 

diameter  e 

500 G r a m  F la re  ( 1  / 5 0 0 0 )  

The first scale-up test was made in  a 0.054-in-thick spher ica l  aluminum 

vessel.  The f l a r e  loading w a s  all flashfoil aluminum at a stoichiometric 

ratio of aluminum to CTF. 

four inches above the ground level. 

remotely j u s t  before the firing. 

and a low light yield. 

reaction (9.3 x 10 

reactants . )  The shock wave f r o m  the f l a r e  was s t rong  at a dis tance of about 

200 f t .  

in  relation to a n  eight foot high s c r e e n  which was set up to shield a nearby 

house f rom the d i rec t  light of the flare. 

I 
i 

It was f i red  f r o m  a tripod which stood twenty- 

C T F  was loaded in the aluminum vesse l  

It resul ted in a fast reaction (18.8 msec.)  

The low light yield was probably because of the f a s t  
6 lumen seconds o r  18,600 lumen seconds p e r  g r a m  of 

The f i rebal l  generated by the f l a r e  appeared to be 10-20 f t  in diameter  

5000 G r a m  F l a r e  (1/50001 

This was the l a rges t  flare of the series, and it was necessa ry  to find a loca- 

tion which would be  removed f r o m  all roads  and houses  by at least 1500 ft. 

A suitable location w a s  found in a cornfield adjacent to Amoco's F r e e m a n  

Field Facility. 

f rom the flare location. 

cables fo r  lights and instrumentation. 

The control room f o r  the test was located about 750 ft. 

Considerable set-up time was  involved in laying 

To p r e p a r e  fo r  the r emote  possibility 



that normal  ignition would fail to ignite the f l a r e ,  a 30 cal iber  rifle with a 

scope sight was signted-in on the f la re  to provide backup ignition. 

Since it was at this t ime believed desirable to slow the reaction somewhat to 

obtain a bet ter  light-yield, a small 50-gm f l a re  (32/50) was loaded with a 

fifty-fifty mixture  of flashbulb foil and fine aluminum wire  (0. 004 in diameter)  

but this mixture failed to give a slower reaction. 

loading was chosen f o r  the 5,000-gm f la re  at a stoichiometric ratio of alumi- 

num to CTF. 

sphere 0.062 in. thick. 

remotely loaded with C T F  just  before firing. ' A light yield of 71 x l o 6  lumen 

seconds o r  14,000 lumen seconds pe r  gram was obtained. Reaction t ime was 

fast (1 1.8 m. sec).  

and the sound of the explosion was a dull boom. 

deep and five feet  in diameter  (approximately 1500 pounds of soil)  was displaced 

by the flare. 

the 5000-gm f la re  tes t s  both were  half buried, shows a scale-up in light 

yield p e r  g r m  of f l a r e  of m o r e  than two times.  A dec rease  in light yield p e r  

g m  was noted in going f r o m  the 5000-gm f l a re  to the 500-gm f la re ,  but these 

a r e  not comparable since the 500-gm shot was made  above ground. 

Therefore  an all f lash foil 

The aluminum vesse l  fo r  the flare w a s  a nine-inch diameter  

It was partially buried (500/0) in local soi l  and was 

The flare f i rebal l  appeared to be 20-40 feet  in diameter  

A c r a t e r  about twelve inches 

A comparison of light-yields obtained f r o m  the 50-gm f la re  and 

All  t h ree  t e s t s  were  T T , L ' I I ~ ~ ~ G ~ - c = !  f2r  light-yield with a chemical actinometer. 

The 50-gm and 500-gm f l a re s  indicated a light yield approximateiy ten times 

g r e a t e r  than those obtained f r o m  photocell measurements .  However, a m o r e  
accura te  measurement  obtained f r o m  the 5000-gm t e s t  gave 100 x 10 6 lumen 

seconds. 

2000 8, it s eems  likely that a correction to the photocell reading f o r  ul t ra  

violet light would resu l t  in about a two-fold inc rease  in  light-yield over that 

measu red  by the photocell. Actinometric measurements  a r e  s t i l l  being de- 

veloped but as yet a r e  not acceptable standards.  

Since the chemical actinometer measu res  light f r o m  5000 a to 

The ignition sys t em was generally the same  as f o r  the mixture-rat io  tes ts .  
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3.2. 3.3 Instrumentation 

The instrumentation was  the same as that used in the configuration Fac to r  

Tests .  However, a chemical actinometer of an experimental-type was  

employed. 

3. 2.4 Penetration Effect Tes t s  

3.2.4.1 Summary 

The object of these tes t s  was  to determine the effect of burial ,  in simulated 

lunar soil, on light output and to a l so  determine whether adequate spec t ro-  

scopic involvement of soi l  elements was possible. 

The results of these tes t s  indicate, o r  might be expected, that increasing 

depth of penetration of the f la re  in soi l  decreases  the light yield. 

g rams  also indicate considerable soi l  constituent emission. 

u r e  3-6 f o r  spectrograms of Test  20/50 as well as 9/50,  calibration run, 

and 12/50 showing so i l  involvement.) 

Spectro- 

(See Fig-  

3.2.4. 2 Test  Description and Results 

The f i r s t  s e r i e s ,  consisted of partially burying a CTF-r ich  loading a t  various 

depths, in  feldspathic sand (supplied by Douglas). Depths were  0.5 dia, 1 

dia, and 6 in f o r  50-gm f l a re  tes t s  (13, 14, and 24). 

decreasing light yield corresponding with depth. 

was good, spectrograms showed that line emission f rom soi l  elements was  

substantial. 

buried at 0.5 dia, 1 dia, and 6 in respectively in  c rushed  grani te  rock (about 

3 /4  inch pieces), (Tests  18, 19 and 20). Very high tempera tures  were  ob- 

served (3920-4033°K) and light yield decreased  much m o r e  slowly with depth 

than i t  did with the sand. 

i ts  sur face  to be attacked despite the sho r t  exposure, (10 - 30 milliseconds). 

Detailed examination did not show si l icate  melting , however. 

sys tem was generally the same a s  for  the mixture-rat io  tes t s .  

Results showed a steadily 

Soil involvement in the f l a r e  

In the second s e r i e s  a hot ter  loading (stoichiometric) was  

Examination of the exposed crushed rock showed 

The ignition 
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Figure 3-6 Amoco Spectrograms 
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3. 2.4. 3 Instrumentation 

Same as  for  the mixture-rat io  tes ts .  

3-2.  5 Vacuum Compatibility Tes ts  

3.2.5.1 Summary 

The objective of these tes t s  w a s  to determine the effect of p r e s s u r e  on light 

yield. 

Only two of the six shots were  successful  and the resu l t s  were  not sufficient 

to be  conclusive. 

3. 2.5.2 Test  Description and Results 

Six attempts to f i r e  vacuum tes t s  were  made ,  two tes t s ,  one at 22 mm. and 

one at 1 0  mm. ,  were  successful. 

measured through a tank port. 

seconds,  it is recommended that the test be cor rec ted  fo r  an extended source.  

This should be  pursued because light yield was 9. 3 x l o 7  lumen seconds,  

the highest obtained f rom a 50-gm f lare .  

lost  C T F  and failed to f i re .  In an  effort to set t le  the light-yield question 

four m o r e  tes ts  were  made, using a close-up photocell and five to ten gm 

charges.  Two failed to init iate adequately, and one leaked out. The fourth 

and successful tes t  was a 10-gm f la re  ( 3 1 / 1 0 )  which was initiated successful ly  

under a vacuum of 10 mm. of mercury .  

x l o 6  lumens followed by a slow reaction which las ted fo r  about 200 milli- 

seconds. Flares initi- 

ated under vacuum conditions s e e m  to give a fast init ial  reaction followed by 

a slow reaction. 

Tes t  21 resul ted in a low light yield as 

Since the reaction las ted f o r  about 250 milli- 

Duplicate t e s t s  at 7 mm p r e s s u r e  

It gave a high initial peak of 1 . 2  

Total light yield was low, 2. 1 x lo4  lumen seconds. 

Extrapolation to zero  p r e s s u r e  would s e e m  to indicate that adequate initiation 

w i l l  give an initial high luminosity detonation. 

pand, but in the absence of i ne r t  gases ,  i t  may  continue to r eac t  f o r  approxi- 

mately one second. 

than a i r - f la re  yields, based on the 50-gm test .  

with f la re  mass.  

In vacuum, the gas  will ex- 

Total light yield with a well-designed f l a r e  may be  be t te r  

Efficiency appears  to inc rease  



The ignition sys tem employed h e r e  was generally the s a m e  as fo r  the mixture- 

ratio tes t s  adapted to the vacuum tank. 

3.2.5.3 Instrumentation 

Generally the s a m e  as fo r  the configuration tes ts .  

3.3 IMPACT EXPERIMENTS 

Impact experiments were  conducted at both Amoco and Douglas. The initial 

tests were  conducted at Amoco in o r d e r  to obtain ear ly  resu l t s  and to de te r -  

mine if typical launch accelerat ions caused any detr imental  effects on the 

project i le  (e. g., p rema tu re  initiation of the reaction in the gun barrel) .  

Douglas light-gas gun t e s t s  a re  discussed in  3.3. 2. 

The 

3.3.1 Amoco Tes t s  

In these  tests, aluminum projecti les (1.5 in  0. D o ,  2. 3 in  length) loaded with 

CTF,  aluminum powder, and aluminum foil  were  launched at velocities up to 

960 fps in air and light intensity upon impact measured.  

The internal  aluminum was separated f rom the C T F  by means of a thin 

(0- 012 in) diaDhragm - (Figure.3-7)  which ruptured upon impact. 

of these t e s t s  is given in Table 3-3. 

A summary  

Tes t  3, which was f i red  at the lowest velocity, gave the highest light yield 

perhaps due to a m o r e  thorough mixing of C T F  and aluminum. 

and 3 gave light yields comparable to those obtained in static tes ts .  

was v e r y  slight in  these t e s t s  and only sur face  chipping was noted. although 

considerable  cracking of the t e s t  slabs occurred.  

Both tes t s  2 

Cra te r ing  

The light yields obtained in t e s t s  4 and 6 were  somewhat lower than those ob- 

tained in  the s ta t ic  tes t s ,  The gravel t e s t  (No. 5) gave no light yield. This 

was  possibly due to a s lower deceleration in gravel  than in either rock o r  

sand. 

involvement. The effect of target  hardness is ambiguous s ince the sand 

t a r g e t  of t e s t  6 gave a be t te r  light yield than the grani te  ta rge t  of t e s t  4. 

However, the test did establish that impact tes t s  i n  sand a r e  not quenched. 

A spec t rogram taken during tes t  6 showed spec t ra l  l ines due to so i l  
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Test  No. 

1 

2 

Target 

Gabbro 
slab 

Granite 
d a b  

3 Granite 
slab 

4 Granite 
slab 

5 Gabbro & 
Granite 
gravel 

6 Gabbro & 
Granite 
sand 

'I 

SUMMA.RY OF, 

Casing Foi l  A1 
Weight Weight Powdei 
(gm) (gm) Wt .  (grr 

129 1.0 13. 0 

127 1.0 13. 0 

129 1 .0  13.0 

113 1.0 13. 0 

110 1 .0  13. 0 

106 1.0 13. 0 



I 

1 

able 3 - 3  

LMOCO IMPACT TESTS 

C T F  P e a k  

(gm) (fPd (107 lumens) (10 lumen-sec. ) 
Li ht Yield fF Weight Vel0 city Luminosity 

35.5 930 3.9 0.10 

36.0 960 3.9 0. 56 

35.5 300 13.6 1.23 

36. 3 860 0.51 0.02 

35.9 860 - - 

35.4 860 2.6 0. 13 

L 



7- 
t 
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Figure 3-7 Configuration of Projectile Used in AMOCO Impact Tests 

3. 3 . 2  Light-Gas-Gun Tes t s  

3 , 3 . 2 . 1  Summary 

During these  tes t s ,  aluminum projectiles loaded with CTF and aluminum 

powder w e r e  launched at velocities (typically 8400 fps) approximating a lunar-  

impact  speed. 

ex t remes  of lunar su r face  physical character is t ics .  

at as low a n  ambient p r e s s u r e  as feasible (on the o r d e r  of 5mm hg) in  o rde r  

The projecti les impacted targets  which simulated the estimated 

The tes t s  were  conducted 
I 
I 
~ to simulate,  at leas t  partially, the low p r e s s u r e  of the lunar surface.  The 

i I photometric instrumentation. 

react ion on impact w a s  recorded with a fastax camera ,  a spectrograph, and 

A total  of eleven f i r ings were  made. Two model configurations were  planned; 

one a hollow aluminum sphere,  the other a hollow conical model (F igure  3-8) .  

The latter simulated the triorthogonal configuration recommended by 
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I Figure 3-8 Light Gas Gun Components 

Shock-Hydrodynamics. 

configuration to be  supe r io r  to a sphe r i ca l  one, p r imar i ly  because  it does not 

pen2trate  as deeply. However,  p roblems w e r e  encountered in the fabricat ion 

and loading of the conical model.  

model  of this configuration p r i o r  to the end of the p rogram.  

Analyses  of the impact  p rocesses  have shown this 

These  prevented the launch of a loaded 

The following resu l t s  w e r e  obtained f r o m  these t e s t s :  

1. 

2. 

Impact ignition occur s  f o r  both h a r d  and sof t  (dust-l ike) ta rge ts .  

Both the peak luminosity and total  quantity of light produced in the 
reaction a r e  of the s a m e  o r d e r  as those produced in  s ta t ic  t e s t s  in 
air. 

3. 3. 2. 2 Test  Setup 

Impact  tes ts  w e r e  conducted in  the l ight-gas -gun/bal l is t ic-range facil i ty of 

the DAC Aerophysics Lab ( see  F igu re  3-9). The facil i ty consis ts  of a 
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controlled atmosphere tank (the ball ist ic range),  a blast  rece iver ,  and the 

light gas  gun. 

gun. 

breech. 

spherical  o r  non-cylidrical shapes a r e  launched by use  of a sabot which is 

separated aerodynamically f rom the model in the b las t  rece iver  after leaving 

the launch tube. The ball ist ic range is 10 f t  in d iameter  and 100 f t  in length. 

The target  f o r  these tes t s  is located approximately mid range, about 12 in 

down range f rom an observation station. Two view por t s  are provided at the 

observation station, one oriented vertically and one horizontally. The hor i -  

zontal port was used for  spectroscopic observation, while the ver t ical  por t  

w a s  used for Fastax photographic coverage of the impact  event. 

instrumentation is located inside the range, 17 f t  fo rward  of the t a rge t  and 4 ft  

off the line of flight facing the target.  

units are mounted at stations along the flight path f o r  the purpose of obtaining 

photographs of the model in flight. 

The launcher used is a 1.5 in diameter-bore single-stage 

Energy is supplied by initiation of gun powder in a Helium pre-pressur ized  

This ruptures  a burs t  diaphragm just  uprange of the model. Non- 

Photometr ic  

Three  s p a r k  discharge shadowgraph 

All operations which involved handling o r  t ransfer r ing  of chlorine-trif luoride 

w e r e  performed at the Douglas Astropower t e s t  site. 

Prepar ing  and loading the models was generally the same as the ampules  of 

the Spectroscopic Tests.  

3 . 3 . 2 .  3 Instrumentation 

Velocity and Shadowgraphs 

Photocell  pickups are used to t r igger  two s p a r k  units at each of th ree  shadow- 

graph stations for  illumination of the projecti le.  The output f r o m  a s p a r k  unit 

of each station t r iggers  two electronic t imers .  

tion initiates both timers, the pulse  f r o m  the second unit stops the first counter 

and the pulse f r o m  the third spa rk  discharge unit stops the second counter s o  

that two redundant projecti le velocity measurements  a r e  obtained. 

is a lOmc Beckman t ime-interval  counter. 

The pulse f r o m  the first sta- 

The counter 
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Photometric 

Light intensity in five wavelength regions w a s  measured  with five photocells: 

Cell No. Wavelength (8) Type of Cel l  

1 3550 Selenium - Int. React, Corp. Model B2M 

2 4350 Silicon - Into React. Corp. Model S3M 

3 5100 Silicon - Into React. Corp. Model S3M 

4 6500 Silicon - Into React. Corp. Model S1M 

5 7400 Silicon - Int.. React. Corp. Model S1M 

A Wratten filter and an  interference filter were  used with each cell ;  the r e -  

sulting wavelength band for  each region w a s  approximately 600a. The cells 

were  mounted together on a panel and covered with a protective quartz  window. 

The photocell outputs were  amplified using a n  Astrodata model  885 wide-band 

DC amplifier;  a C. E. C. oscil lograph (Type 5-114-P4-18) was used to record  

the photocell output. Type 7-326 galvanometers were  used with the exception 

of one 7-361 type. 

amplif iers ,  operating at different gains, w e r e  used with each photocell (with 

the exception of cell no. 3, where only one amplifier was used). 

The oscillograph paper speed was 115 in p e r  sec.  Two 

Photogr aDhic 

A fastax c a m e r a  (model WF4S) was operated at approximately 6500 f r ames  

p e r  second to obtain coverage of the flare event. A 12 mm wide angle lens 

was used with the camera .  The field of view at the ta rge t  w a s  approximately 

3-1/2 f t .  in diameter ,  limited by the size of the observation port  in the range 

tank. 

Spectroscopic  

The spectrograph (shown in F igure  3-10) used in  these tes t s  was the same one 

used in the Douglas static spectroscopic tests. 

outside of and immediately adjacent to the range tank. 

was  provided f o r  observation. 

f r o m  the ta rge t  in the f i rs t  test .  

of the t a rge t  position and used with a m i r r o r  to observe the flare f r o m  a d i rec-  

tion perpendicular  to, ra ther  than parallel  to, the sur face  d the target  (Fig- 

u r e  3-9).  

The spectrograph was mounted 

A quartz  viewing window 

The spectrograph slit was approximately 6 ft  

The spectrograph was la te r  moved forward 
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Figure 3-10 Spectrograph Set up Adjacent to the Range Tank at an Observation Port 

The spectrograph is a Cassegra in ian  mounted, grat ing (600 l ines  p e r  mm) 

type. The  wavelength 

region employed was 3200a - 5400a (except f o r  the f i r s t . l i v e  test w h e r e  the 

wavelength rang-d f r o m  4200a - 6700a). 

Schmidt sys t em and Kodak 1030a-0 plates  a r e  used. 

w e r e  used in the  first l ive tes t . )  A s tep  f i l t e r ,  cove red  the slit in  o r d e r  to 

provide three different simultaneous exposures  (approximately loo%,  lo%, 

and 1% of the incident light). 

It has a dispers ion of approximately 12Oa p e r  mm. 

The camera employed a folded 

(Type 103a -F  p la tes  

Gas  Samples  

An evacuated bottle was used  to s a m p l e  a t m o s p h e r e  in the range following a 

tes t .  The contents of the bottle w e r -  then analyzed to de t e rmine  a tmosphe r  

constituents. The ins t rument  used  f o r  ana lys i s  was  a P e r k i n - E l m e r  model  

5 2 1 inf ra red  spectrophotometer  . 

C 
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3 , 3 .  2 . 4  Test  Results 

Eighteen tes t s  were  run in this phase of the program. 

€he conditions under which these tes t s  were conducted and resul ts  of the fir ings.  

Of the eighteen firings,  twelve were  developmental and were  conducted fo r  the 

purpose of proving model integrity and/or  sabot separation. 

ducted with projecti les which contained CTF. 

were  employed. 

and type 2 ( s ee  F igure  3 - l l B )  a hollow aluminum cone. The design of model 

type 2 simulated the triorthogonal configuration considered in  the analysis of 

the impact process .  

design and separation technique fo r  this model. 

ally stripping the sabot in the blast  receiver  while using a quick-opening valve 

between the blast  rece iver  and the ballistic range appears  to be satisfactory.  

The developmental problems encountered in perfecting the launch technique, 

however, coupled with difficulties experienced in loading the model with CTF 

prevented a live t e s t  of this configuration p r i o r  to completion of the program. 

Table 3 - 4  summar izes  

F ive  were  con- 

Two projecti le configurations 

Type 1 was a hollow aluminum sphere ( see  F igure  3 - l l A )  

Severa l  dummy launches were  made to perfect  the sabot 

The technique of aerodynamic- 

The condition of the project i les  following launch was determined by shadow- 

graph photography. F igure  3-12 shows typical in-flight photographs of both 

types of projecti les.  

Two types of ta rge ts  were  used i n  the tests,  

target ,  l a rge  grani te  s labs  were  used. 

u r e  3-13 ,  as it appeared a f te r  impact  in t e s t  No. 14. 

is approximately 2 - 1 / 2  f t  x 3 ft. 

x 3 in) was used as a target.  

ized, no la rge  pieces  were  recovered. 

x 10 in was used; it was shat tered upon impact,  

F o r  the competent rock-type 

One of these targets  is shown in Fig-  

The face of the ta rge t  

In firing No,  11, a sma l l e r  s lab  (6 in x 6 in 

In this test, the granite ta rge t  w a s  totally pulver- 

In firing NO, 12,  a slab 24 in x 24 in 

Nex t  a deep, powdery su r face  was simulated as shown in F igure  3-14  (before 

impact),  

(average  of 5p grain s ize)  which w a s  sifted into place. 

diaphragm was used on the forward face to hold the dust in a near  ver t ical  

position. 

A trough, 2 - 1 / 2  feet  in diameter,  was used to hold a garnet dust  
A thin (1  mil) myla r  

A porosity of roughly 75% w a s  achieved. 
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ble 3 - 4  

r GAS GUN IMPACT TESTS 

loto- 
11 Spectro - 
ita graph  Fastax Sabot Purpose 

None 

5 Piece 

5 P iece  

4 Piece 

4 Piece  

1 P i e c e  cut 

1 P i e c e  cut 

Determine effect of 
of launch on model 
integrity 

Test  technique 
of aerodynamic 
sabot separat ion 
in blast  rec.  

Same as Run No. 
2 but higher p r e s s  
in blast  rec .  

Same as No. 3 but 
sabot base  
eliminated 

Same as Run N o . 4  

Same as Run No. 5 
but 1 piece sabot 
(precut) to eliminate 
pins study hyper-  
sonic stabil i ty of 
simulated Bjork- 
J a c k  

Same as Run No. 6 

Remarks  

Model broke up 

Model launched 
successfully ; 
sabot base  fol- 
lowed model 

Same resu l t  a s  
Run No. 2 

Quick opening 
valve between 
blast  r e c  and 
range failed; 
sabot separat ion 
uncertain 

Model launched 
successfully,  
sabot  separa ted  
but pins used to 
hold 4 pieces  to- 
gether  followed 
model 

Good sabot sepa-  
ration; model un- 
s table  and hit  
baffles in b las t  r e c  

Same as Run No. 6 

1 P iece  cut Same as Run No.  6 Same as Run NO. 6 

None Same as Run No. 1 Completely 
successful  



Blast 
Run Range Rec 
No. Date P r e s s  P r e s s  Target  - -  
1 4 /14  5mm 5mm - 

2 5/11 14.5mm 2psia - 

3 5/11 8.5mm 5psia - 

4 5/20 5.3mm 95mm - 

T 

RUN SUMMARY - LIGq 

F 
Velocity c 

c Model Config. @-PSI - 
1.5IlO. D., water-  7980 
f ill e d , high - 
purity A1 sphere  

Sphere 7500 

Sphere 

Sphere 

5 5 /25  7.Omm 200mm - Sphere 

Not 
Recorded 

6730 

7400 

- 6 5/26 7.Omm 200mm - 1-1 /8" base diam 
cone f i red  base  
first 

7 5/27 4.Omm lOOmm - 1 - 1 /411 base  d iam - 
cone f i red  base  
first 

- 1'' base  d iam cone - 
f i r e d  base  first 

8 5/28 4 .5mm 80mm 

9 6 / 3  lOmm 10mm 1.5" 0. D., CCl4- 8300 
filled, high- 
s t rength A1 sphere  
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.ble 3-4 (cont) 
I 

Photo - 
cell Spectro - 
Data graph Fastax Sabot 

4 Piece  

Remarks  

Completely suc - 
c e s s f ul windshield 
(hemispher e)  makes 
base  first cone 
hype r s o nic a1 ly 
stable 

Model launched 
s uc c e s s fully, 

Purpose 

Determine effect of 
launch on model 
integrity and check 
sabot separation 

I X  X None Obtain data for  im- 
pact of CTF-filled 
model on hard  
target  

Same as Run No.  11 X 

X 

None 

None 

Same as Run N O ,  11 

X Obtain data for  im- 
pact of CTF-filled 
model on soft 
target  

Model launched 
succ e s  s fully 
Electr ical  malfunc - 
tion caused fai lure  
to record  photo- 
me t r i c  data;  f rag-  
ments  of model 
penetrated dust 
ta rge t  18" 

Successful except 
f o r  a pa r t i a l  loss  
of C T F  due to leak- 
age before launch 

X X None Same as Run No. 11 

Obtain data fo r  im- 
pact of empty model 
on hard  ta rge t  

Determine effect of 
launch on model in- 
tegrity and check 
sabot separation 

Obtain data f o r  im- 
pact of CTF-fil led 
model on soft 
target  

Successful None 

4 -Piece Successful 

None Unsuc c e s sf ul; 
model broke up on 
launch apparently 
because it was 
undersize 

Model not f i r ed  due 
to difficulties ex- 
perienced in loading 
CTF.  P r o g r a m  ended 
this date. 

4-Piece 
Inter  locking 

Obtain data fo r  im- 
pact of CTF-fil led 
cone sphere model  
on soft t a rge t  

ts. 



Blast 
Run Range Rec Velocity - -  No. Date Press P r e s s  Target  Model Config. (FPS 

10 6 / 4  17mm 1 OOmm - Cone-sphere 8600 

11 6 / 8  6.Omm 6.0mm Solid CTF fil led-sphere 8300 
Granite (See Fig. 

12 6 / 1 2  5.Omm 5.Omm Solid Same as Run 

13  6 /17  5 .2mm 5.2mm Garnet Same as Run 

Grani te  No. 11 

Dust No. 11 
5 

7570 
Poros i ty  

14 

15 

16 

17 

6 /18  7.3mm 

6/19 7.2mm 

6/24 28mm 

6/29 6.Omm 

18 6/29 

7. 3mm Solid 
Granite 

lOOmm - 

6.Omm Garnet  
Dust 5 

7570 
Porosi ty  

Same  
Dust as 
17  

85 34 

8710 

Same as Run 8550 
No. 11 

Cone-sphere (see 8780 
fig ) f€lled w i t h  
dens e inert fluid 

Same as Run 
No. 11 

C T F  -filled cone - 
sphere  

- 

Note: Land C a m e r a  Schlieren photographs obtained on all successful  shl 



Figure 3-11 Light Gas Gun Model Configurations 

1 

We Id-Machine 
t o  Outer Contour 

1/8 Pipe Thread 

Notes: 
1. kter ia l  6061-6 
2. 
3. 

4. 
5. 

Weight of empty Model = 58 gm 
Weight of internal Al dust 

weight of CTF - 12 q 
Loaded Model wight = 74.4 gm 

0.500 + 0.010 Spher.R. 

0.750 + O.OO0 Spher.R. 

- = 4.4 gm 

- 0.0015 

Circumferential 
Weld Outer to 
Inner Cone 

r 0.625 + .OOO Spher. R. 

Notes : 
Tack Weld 1. a t e r i a l  6061-16 
Hemisphere at 2. Weight of empty Model = 21 ea 
4 Places 3. Weight of internel A 1  = 2 gm 

4. Weight of C a  = 5.4 gm 
5. Loaded Model weight = 28.4 gm 

Direction of 
Fli&-- 



N 

W a z 

* 
W a 
c-" 
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Figure 3-  13 Large Granite Target After Impact 

Figure 3-14 Dust-L ike Target Before F i r i ng  
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i .  Photometric data were  obtained in runs Nos .  11, 12, 14 and 15. F r o m  these 
I data it is c l ea r  that  f la re  initiation occurred upon impact. Photocell  output 

t races  obtained in runs 11 and 15 a r e  presented in F igu res  3-15 and 3-16 as 

being representat ive (omit the 3550a t races  in F igure  3-15). Runs Nos ,  11 

and 15 a r e  basically the same with the exception that the projecti le in 11 was 

loaded with C T F  and aluminum powder, while the projecti le in 15 w a s  empty. 

Light obtained in  15, as indicated in Figure 3-16, is solely due to impact 

flash. Comparison of F igures  3-15 and 3-16 therefore  indicates that the 

additional light obtained was due to the presence of reactants.  

competent rock target ,  the maximum light intensity, with reactants  present ,  

occurred approximately 4-5 m s e c  a f te r  impact. 

cn the o r d e r  of 20 msec. 

I : 
I 
l 

In the case  of a 

The duration of the event was 

In Table 3-5 the data f rom output t races ,  like those presented in F igures  3-15 

and 3-16, is summarized fo r  the calibration source  and runs nos. 11, 12, 14 

and 15. 

A photoflash lamp (G. E. #5B, wi th  the plastic stripped) was used for  cal ibra-  

tion purposes  because of its relatively high-color tempera ture  and because the 

output of individual bulbs are highly consistent. 

is closely approximated by a 3800°K full radiator.  

1.45 x 106 lumens. 

ca?ibrz.t-,d hy the National Bureau of Standards; however, its output was in- 

sufficient to c a u s e a  noticeable output f rom the photocells at 3550x  and 435OK;. 

At other  wavelengths, the resul ts  obtained using a tungsten lamp as a cal ibra-  

tion source  were  consistent with results obtained using the photoflash lamp. 

When using the photoflash lamp as a calibration source,  it was assumed that 

the radiating a r e a  of the lamp w a s  equal to i ts  physical area. 

1 
I 
l The output f r o m  these  bulbs 

Its peak luminous flux is 

Calibration was also attempted with a tungsten lamp 1 

I 
h 

This assumption 
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rI 

PHO 'I 

6 peak/G (in) (1) 

Wavelength (A) 3550 4350 5100 6500 74 
R u n  no. 
Calibration 0.18/3000 0.38/3000 0.83/1000 1.4/1000 1. 

0.04/30 0 .54/3  off scale 1.52/10 CC 11 (2) 

12 - 0.19/30 0.28/10 0.86/30 1. 

14 0.45/1000 0.21/100 0.25/30 0.48/30 2. 

15 0.10/1000 0. 30/1000 0.27/100 0.28/100 1. 

Sa 

(1) 6 = galvonometer deflection, G = amplif ier  gain, d t  = incremental  . 

(2) Target-to-photocell dis tance = 96 in; all others  a re  204 in. 



able 3-5 

3 C E L L  DATA 

) O  3550 4350 

75/100 1.92/3000 5.77/3000 

11 0.26/30 3.98/3 
.urat  ed 

L1/10 - 1.03/30 

59 /30 0.90/1000 0. 37/100 

79 /30 0. 051 / lo00 0. 37/1000 

5100 

12.8/1000 

off scale  

1 .8/10 

0.90/30 

0.51 / l o0  

6500 

19.4/1000 

15.5/10 

5.25/30 

0.51 /30 

0. 37/100 

740 0 

24.8/100 

Cel l  
Saturated 

13. 1/10 

11. 8/30 

3.2/30 

me 
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was checked by calculating the luminous flux and it w a s  found to be  1.48 x 10 6 

lumens, which is compatible with the value of 1.45 x l o 6  lumens. * 
The calibration data a r e  given in Table 3-6. 

F igure  3-17 shows the peak i r radiance values ( w a t t s / 8 )  f r o m  f i r ings 11, 12, 

14 and 15, that were  obtained by using the data of Table 3-5 and the conversion 

derived f r o m  above. 

wavelength (watt-sec/A),  again obtained using the data of Table 3-5 and the 

conversion above. 

4350A appear  to be caused by strong ALO emission, 

be an aluminum fixture which was used to hold the target  in place during run 

11 but not used during any other runs. 

F igu re  3-18 presents  the total radiant-energy-per-unit  
0 

In these f igures ,  the high values shown for  run 11 at 
0 

The source  of Ab0 could 

In o rde r  to compare the resu l t s  obtained in the impact tes t s ,  with those ob- 

tained in the static tes t s ,  the luminous flux and quantity of light w a s  estimated 

f o r  run 12. 

put f r o m  the photoflash lamp. 

and 65008. 

th ree  wavelengths. 
10 6 lumens peak and 20,000 lumen-sec.)  The values were  3.2 x l o 6  lumens 

p e r  g r a m  of reactants and 1,66 x 10 

flux w a s  comparable to seve ra l  high values obtained in the s ta t ic  t e s t s ;  the 

quantity of light w a s  comparable t o  typical t-aL.;es zchievr~: L i i  a t ~ t l c  t e s t s .  

The photocell outputs f rom this run were  compared with the out- 

The comparison was made a t  4 3 5 0 8 ,  5100A, 

The following values represent  an  average of the values at the 

(The photoflash lamp output was assumed to be 1.45 x 

4 lumen-secs pe r  gram. The luminous 

An at tempt  was made to calculate the f lare  temperature ,  s eve ra l  times during 

its duration, by a ratio of radiant intensities a t  two wavelengths. The wave- 

lengths used in the calculation were  close together because the assumption of 

:: Luminous flux, measured  in lumens,  is calculated as follows: The spec t ra l  
distribution of the radiation f rom the lamp is found f rom i ts  t F T e r a t u r e  using 
Planck’s radiation formula:  Jh(wat t s  cm-2 cm-1)  = C1 A-5 /e f A T - l )  where 
C1 = 3.74 x The total  luminous flux 
is given by s KXJAdA where KA is the luminous efficiency of radiation and de- 
pends on wavelength. K h  is a maximum for  radiation of wavelength 5550A and 
the value f o r  any other wavelength i s  found by multiplying this maximum value 
(K max = 
wavelength (a curve of relative luminous efficiency is given, in Photometry 
by J. W. T. W a l s h ,  F igure  44). 

0-12 wat t ,  cm2 and c2 = 1.438 cm. deg. 

682 lumens p e r  watt) by the relative luminous efficiency for  that 
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equal emittance values a t  the two wavelengths is generally m o r e  valid for  a 

narrow spec t ra l  interval than for  a wide one, 

Tempera tures  calculated in this manner  w e r e  e r r a t i c ,  indicating that spec t ra l  

distribution of the f l a r e  radiation va r i e s  considerably f r o m  "graybody" condi- 

tions. 

f lare  intensity is compared with the idea l  5000°K curve. 

relative intensity is much l e s s  than what it would be for  a full radiator.  

This i s  a lso indicated in F igure  3-17 when spec t ra l  distribution of the 

At long wavelengths, 

A sequence of photographs of the f l a r e  were obtained in runs 13 and 14 and 

a r e  shown in F igures  3-19 and 3-20, respectively. In F igure  3-19, the f r a m e  

speed is 6,300 f r a m e s / s e c  so  that the time between exposures is 0.16 msec.  

In F igure  3-20, the f r a m e  speed is 4600 f r a m e s / s e c  and the t ime between 

exposures 0.22 msec.  

1. 3 m s e c  in d.uration; in F igure  3-20, the duration is 0 .66  msec ,  

data show, however, that the duration of the f l a r e  is on the o rde r  of 15-20 m s e c  

for  a hard  target.  

3-20 show the impact f lash ra ther  than a f lame due to the f lare .  

of photographs indicate that fo r  a soft target the impact f lash is m o r e  pro-  

longed and l e s s  intense than for  a ha rd  target. 

In F igure  3-15, the total sequence is approximately 

Photometric 

Thus, it appears  that the photographs in F igures  3-19 and 

The sequence 

A spec t rum of the f l a r e  in firing 11 is shown in F igure  3-21. 

E ~ C ? W I !  "ii t h e  zr'=;es a r e  used f o r  calibration. 

spec t r a  a r e  superimposed on the spectra  of the fiare, a h o ~ . ~ n  in mr. c a z t e r  

portion, and should be disregarded. The spectrum shows AiO, Na ,  Li, and 

possibly iron. It appears  that  these emissions a r e  caused, in par t ,  by excita- 

tion of ta rge t  mater ia l .  

The spec t ra l  l ines 

Due to an  e r r o r ,  the calibration 
. ., 

Samples  w e r e  taken of the atmosphere in the range tank following each firing. 

An analysis  of these samples  revealed only CO and C 0 2  which indicates a 

fa i r ly  complete combination of the CTF into solid forms.  
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F r o  

Figure 3-19 Photographs of Flare in F i r i ng  No. 13 (Dust Target) 



Figure 3-20 Photographs of Flare in F i r ing No. 14 (Solid Granite Target) 



al z 

- 5682.6 ( N a )  
- 5688.2 

- 5890.0 
-5895.0 (Na) 

- (Li I) 6707.8 

Figure 3-21 Spectra of Flare in F i r ing No. 11 
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3.4 SPECTROSCOPIC TESTS 

3.4.1 Summary 

The objective of these tes t s  w a s  to obtain vacuum spec t rograms of simulated 

lunar soil  (some containing up to 10% hydrogen- containing molecules) when 

excited by the combustion of a CTF-Al-flare model. These spec t ra  were to 

be analyzed to verify that various soil  models a r e  distinguishable (i. e.. , ap- 

proximate relative abundances of soil constituents a r e  determinable) and that 

the presence of hydrogen can be detected, 

In o r d e r  to accomplish this objective three main problem a r e a s  were  recog- 

nized and solved. They were: (1) containment of reactants,  ( 2 )  ignition of 

reactants ,  (3 )  purity of reactants ,  i. e., a s  nearly as possible keeping out 

initially that what you a r e  looking for in  the soil, e. g., Si and Fe in the a l u m -  

inum and H F  i n  the CTF. These three  problem a r e a s  were  solved by experi- 

mentation and evaluation in  the following way. 

Several  s e r i e s  of small pure  (99,99+70) aluminum ampules containing GTF, 

aluminum powder and admixed simulated lunar  soils (granite,  gabbro, and 

serpentine,  the la t te r  containing m o r e  than 10% in  hydrogen-containing mole- 

cules) were  prepared  and initiation attempted (see  Table 3 - 7  and Figs. 3-22,  

-23 ,  aiid -&j .  

and ignition fai lure  to spectrograph speed adjustment problems. 

sys t em constantly performed well .  40 to 70 microns were  obtained in  the 

chamber  within a few minutes and held throughout each attempt. 

Gcsi I-,: t k a e  %i!ed fnr reasons  ranging f rom ampule leaks 

The V ~ C U U I ~ I  

The final spectroscopic t e s t  s e r i e s  (Series 14, Table 3-8) was successful in  

that 11 of 1 2  pyrex ampules were  fired and 9 spec t rograms were  obtained. 

This was considered adequate for  comparisons to be drawn. 

were  made f o r  this s e r i e s  since prel iminary tes ts ,  where spec t rograms were  

obtained, revealed no sil icon l ines o r  bands. 

discernible  between the calibration shots without admixed soils, and those 

with soil.  

Light intensity differences a r e  a l so  apparent a t  the three  gabbro quantity ra- 

tios (1,5, 25). 

P y r e x  ampules 

Definite spectral  differences a r e  

Also there  a r e  obvious spectral  differences between the soils. 

Gabbro was finally used for  the dilution tes t s  because l a r g e r  
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PRELIMINARY SPECTROS 

Series  Environment Ampule Type Ignition Method 

1 Ai r  

2 Ai r  

3 Air  

4 Air  

5 Vacuum of 
7 0 ~  

6 Vacuum of 
70 P 

7 4-Vacuum 
40 LC 

1 -Air 

,030  in. wall cyl. Both ends clamped in  
5/8" tubing cr imped 
on ends, 99.994-70 Heating 
pure aluminum 

mount lOOOA./6V D. C. 

Same One end clamped in 
mount. Sharp point 
electrode of pure  A1 
a rced  a t  10OOA/6V Do( 
Same Same 

Same 

Same 

Same 

Same  

S a m e  

8 Vacuum of 40fl Same  

Same 

Same 

Same 

Same 

Same 

Same 
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'able 3 - 7  

;OPIC TEST SERIES* ATTEMPTED 

Fue l  Soils Results C T F  

N a F  scrubbed and Tubing itself None All ampules leaked 
fractionally C T F -  non ignited 
distilled 

Same 

Same 

Same 

Same 

Impure 

Same 

Same 

Same 

Tubing itself None Blew up holder - 
some spec t r a  obtained 
w /CENCO spectro - 
graph 

Cup around None Two f l a re s  - one 
electrode con- sDectra obtained 
taining fine 
impure A.l 
wool 

Cup around 
electrode 
containing 
coa r se  pure  
A1 wool 

Same except 
one seeded 
with Lithium 
fines 

Impure fine 
Aluminum 
dust inside 
ampule 

P u r e  <300 CI 
aluminum 
powder in- 
side ampule 

Impure A1 
dust inside 
ampule 

Impure fine 
aluminum 
dust inside 
ampule 

Yes 

w * / ~ ~ ~ ~ ~  spectro - 
graph 

One good spec t ra  
showing so i l  involve- 
ment  w/CENCO 

None Fai led to ignite 

None Two detonations no 

2 w / o  No ignition 
2 with 

None Detonation spec t r a  
overexposed (s ta r ted  
using Meinel S te l la r  
Spectrograph) 

1 -None ) No ignition 
1 -gabbro ) 
1 -grani te  ) 
1 - s erpentine) Detonated and blew up 

vacuum chamber  
Spec t ra  obtained 
showing so i l  involve- 
ment. 



- 

Ser i e s  Environment Ampule Type Ignition Method 

9 Vacuum 70r( Same 5/8" tube Same 

Same 10 Vacuum 7 0 ~  Same wi th  small 
c lamp on f r e e  end 

cyl. tubing cr imped 
on ends 99.99% 
pure  A1 

12 Vacuum 4 0 ~  . 0 3 0  in wall, cy1 Both ends clamped in 
5 / , I '  tubing with mount. 1000A./6V D. 
local center  s ec -  heating 
tion thinned to .015" 
wall thickness,  
cr imped on ends, 
99.99+% pure  A1 

um sealed a f te r  
filling . 

1 1  - . 015" wall- 5 / 8 "  - 

13 Vacuum 4 0 ~  P y r e x  g lass ,  vacu- Platinum wi re  heating 
coil inside ampule. 
Variable power D. C. 
heating . 

* A se r i e s  of seven shots, using as pure mater ia l s  as possible, wert 

(1) Two calibration shots consisting of 10 gms CTF and 4 gms A.: 

(2) A shot consisting o t  1 g ~ l l  0 ob2k3rcY IO grns CTF,  and 4 gms A: 

(3 )  A shot consisting of 1 g m  granite, 10 gms CTF,  and 4 gms A 

(4) A shot consisting of 1 gm serpentine,  10 gms CTF,  and 4 g m  

(5 )  A shot consisting of 5 gms serpentine,  10 gms CTF,  and 4 gr 

( 6 )  A shot consisting of 25 gms serpentine,  10 gms CTF,  and 4 g 

However, a complete p rogram of shots w a s  not successfully complet 



.ble 3 - 7  (cont) 

C T F  Fue l  Soils Results 

N a F  scrubbed only 

Same 

- 

Same 

Same 

P u r e  < 3 O O f l  None Delayed burning af te r  
aluminum expansion. Blew up 
powder in- bell  j a r  
s ide ampule 

Same 

Same 

Same 

2-None No ignition 
5-with 

2-None 

None 

planned as follows: 

powder. 

powder. 

powder. 

A1 powder. 

s A1 powder. 

n s  A1 powder, 

d f o r  all of the 13  preliminary se r i e s .  

F l a r e s  split. Cr imped 
ends failed to seal 
properly 

Thin center  section 
arc vaporized without 
igniting contents 

Ignition coil  burnt  
out without igniting 
ampule contents 
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Figure 3-23 General Spectroscopic Test  Setup 

Figure 3-24 Spectroscopic test setup In Vacuum Chamber - Test Series 2-9 
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T al: 

FINAL SPECTRO! 

Tes t  Conditions: Container - P y r e x  Glass  Ampule 
Ignition 
P r e s s u r e  - 40 to  70 microns  

- Tungsten f i lament  inside ampule 

Spectrogram 32 
(Calibration) 

Spectrogram 37 
(Calibration) 

Al-< 300p powder 99.99+% Al-  < 300p powder 99. 99+% Al- <300/ .~  1, 
purity but ni purity & passivated 

4 grams 4 g r a m s  4 g r a m s  , 
CRF-NaF s CTF-NAF scrubbed & 

fractionally distilled non-distilled 10 g r a m s  non -distilla 
10 grams I 

purity & non-passivated I 

i 
CTF-NAF scrubbed but 

Spectrogram 42 
(Calibration) 

Al- < 300p powder 99.99-l-70 
purity & passivated 
4 g r a m s  

CTF-NaF scrubbed & 
fractionally distilled 
10 g r a m s  



5 3-8  

;OPIC TEST SERIES 

,g ram 39 Spectrogram 38 Spect rogram 3 3  
.pas s ivated Soil -non -pas s ivated Soil -passivated 
anite-1 gram ( <  5901) Gabbro-1 gram Serpentine (<  590p)  1 g r a m  

)wder 99.99+% 
n -pas s ivate d 

rub bed but 
10 g r a m s  

Al-  <3OOp powder 99. 9 9 t %  
but non-passivated 4 g r a m s  

CTF-NaF scrubbed but 
non -distilled 10 g r a m s  

Spectrogram 40 
Soil-non-passivated 

( <  590p)  Gabbro 5 g r a m s  

Al- <300p powder 99. 994-70 
purity but non-passivated 
4 g r a m s  

CTF-NaF scrubbed but 
non-distilled 10 g r a m s  

Spectrogram 41 
Soil-non -passivated 

( <  5901.0 Gabbro 2 5  g r a m s  

Al- < 300p powder 99. 
purity but non-passivated 
4 grams 

CTF-NaF scrubbed but 
non-distilled 10 g r a m s  

AI-' < 300p powder 99. 9 9 t %  
purity & passivated 
4 g r a m s  

CTF-NaF scrubbed & 
fractionally disti l led 
10 g r a m s  

Spec t rogram 35 
Soil -non -pas s ivated 

( < 5 9 0 p )  Serpentine 1 g r a m  

Al- < 300p powder 99.99tYo 
purity & passivated 
4 g r a m s  

CTF-NaF scrubbed but 
non-distilled 10 g r a m s  

Spec t rogram 3 4  
Soil -non -pas s ivated 

( .= 5 9 0 p )  Serpentine 1 g ram 

Al-  < 300p  powder 99. 994-70 
purity & non-passivated 
4 g r a m s  

CTF-NaF  scrubbed but 
non-distilled 10 g r a m s  



than 1 g r a m  quantities of serpentine caused chemical reaction and heating 

during ampule filling and was therefore considered dangerous to handle. 

No OH o r  H features  were observed since the spectrograph did not extend into 

the p r imary  field of interest .  

3 . 4 .  2 Test  Setup 

All ampules were loaded and f i red a t  the Douglas Astropower tes t  si te.  

prel iminary tes t  setup for s e r i e s  1 thru 1 3  is shown i n  Figures  3- 23  and - 24, 

The spectrograph was located approximately 9 ft f rom the flare.  

were held in position by an aluminum fixture which gripped the cr imped ends 

( see  Figure 3 - 2 4 ) .  

plate were  utilized for initiation. A bell j a r ,  18 in. x 30 in., was used for 

a l l  vacuum tests ;  only the base plate and fixtures were  used for the air tests.  

The 

The ampules 

Storage bat ter ies  and electr ical  leads through the tes t  

In s e r i e s  13, the pyrex ampule was suspended between the terminals  by i t s  

platinum ignition wire. 

In the final s e r i e s  (14) the pyrex ampule (at  approximately 77. K) was placed 

on one of the bent over terminals  and allowed to warm up until the integral  

tungsten wire  caused ignition of the contents. Since some shots were  per -  

formed in  daylight, and ampule warm-up time var ied  between 15 and 4 5  min- 

utes, the ent i re  tes t  setup w a s  wrapped in  an opaque covering which allowed 

the spectrograph to be open until the flare occurred. 

3 . 4 . 3  Aluminum and P y r e x  Ampules Preparation, Loading and 
Handling, and Safety Experiment 

3.4.3.1 Aluminum and Pyrex  Ampules Prepara t ion  Procedures  

Aluminum tes t  sample preparation fo r  Pro jec t  ELF consisted of filling a 

number of ampules of high purity aluminum tubing with CTF,  i n  some in- 

s tances  the ampules contained finely divided aluminum admixed with soil.  

The tubing was cleaned and passivated before filling. 

formed f r o m  the tubing by a remote-control crimping machine. 

was init ially purified by NaF scrubbing and fractional distillation before being 

The ampules were  

The C T F  
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placed in  the ampules; however, l a te r  in  the prel iminary s e r i e s  NaF scrubbed . 
C T F  was used to save time. 

Although failures were experienced throughout the procedure,  most  of the 

basic problems were solved. 

regard.  

Figure 3-22 indicates a grea t  deal in this 

The pyrex ampules were fabricated f rom standard pyrex stock by g lass  blow- 

ing techniques. 

The ampules were configured to provide a C T F  f i l l  s tem, a soil-aluminum 

f i l l  s tem,  and two igniter wire  s tems.  

sealed before the components to be tested were filled. In s e r i e s  14 the am-  

pules were not passivated due to the reactivity of the gaseous C T F  and tung- 

sten. 

filling with C T F  (at  about 77.K) glass  blowing techniques were again employed 

to make the final seal. 

due to a leak. 

All  sea ls  were  made i n  the same manner and vacuum checked. 

The igniter wire  was installed and 

After filling with soi l  and aluminum the s t em was sealed off. After 

Only one ampule had to be disposed of before fir ing 

3.4.3. 2 Loading and Handling 

Several  techniques of filling the ampules were  investigated before an  accept- 

able one was chosen. 

aluminum powder admixed with soil  before placement in the ampule. 

no hydrogen phenomena was discovered in  the f i r s t  soil  t e s t  (Spectrogram 33) 

of the final s e r i e s ,  a s  well as the long t ime required to p repa re  the fraction- 

ally distilled C T F  (8 hrs .  f o r  10-15 ml), the ampules were  then filled with 

NaF scrubbed CTF. The t ransfer  of C T F  was accomplished by warming the 

calibrated 300-gm C T F  (NaF scrubbed) g lass  s torage vesse l  and immers ing  

the ampule in  LN2. Before sealing off the aluminum ampule, i t  w a s  warmed 

to approximately room temperature  to allow the solid C T F  to melt  away from 

the c r imp  area.  

the fill stem was sealed off by melting, a sufficient distance away f r o m  the 
solid CTF. 

where i t  was stored until firing. 

The technique chosen involved no prepassivation of 

Because 

In the case  of pyrex, the ampule remained in the LN2 while 

I t  was then allowed to cool and then lowered into the LNZ bath 



3.4.3.3 Safety Experiments 

During the course of events the wisdom of carrying around a mixture  of A1 

and solid C T F  a t  LN2 temperatures  was questioned, consequently three 

standard impact tes t s  were  run on a frozen ampule. 

occurred under 360 f t - lb/ in  

apparatus ) 

No ignition o r  detonation 
2 

of impact  (maximum obtainable f rom the 

3.4.4 Instrumentation 

The spectrograph used i n  these t e s t s  was the same one used i n  the Douglas 

Light-Gas-Gun Tests.  

ing (600 l ines pe r  m m )  type. 

The wavelength region which was employed i n  tes t  s e r i e s  0 thru 8 was 4200A - 
6700A. 

camera  employed a folded Schmidt system and Kodak 103a-0 and 103a-F plates. 

A s tep fi l ter ,  permitting passage of approximately 10070, 1070, and 1% of the 

incident light, covered the s l i t  proving three different, simultaneous expo- 

sures .  A Stokes vacuum gauge was employed for a l l  environment 

measurements  

The spectrograph was a Cassegrainian mounted gra t -  

It had a dispersion of approximately 12OA/mm. 
0 

0 

0 0 0 
In tes t  s e r i e s  14 this region was changed to 3200A - 5400A. The 

3.4. 5 ExDerimental Results 

Only cu r so ry  evaluation was made of the few spectrograms obtained i n  the 

pre l iminary  s e r i e s  of tes ts .  

one s e r i e s  to make comparisons. However, the available spec t rograms were 

examined and used to determine that some soil  constituents were  being ex- 

cited and that Silicon was not one of them. 

taken with the pyrex ampules suggested ea r l i e r  in  the program. 

This was because there  were  not enough in  a n y  

This allowed s e r i e s  14 to be under- 

F igures  3-25, -26,  and - 2 7  show the spectra f rom the final t es t  s e r i e s  and 

Table 3 - 8  gives the par t iculars  on ampule loading and t reatment .  

p resents  the relative densit ies of lines and bandheads as a resu l t  of examina- 

tion of the spec t rograms taken of the final series of shots. 

this table a r e  v e r y  low because of the noisy and grainy background of the fast  

103a-F film which had to be used because of the limiting millisecond exposure 

time. 

Table 3-9 

All numbers  i n  

The  graininess  of the emulsion is evident in the microdensi tometer  
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Table 3-9 

RELATIVE DENSITIES O F  LINES AND BANDHEADS 

103a-F  film---^ = O06---normalized to A1 3962 plus background. 

Spectrogram # 32 33 35 37 38 39 40 41 42 

Line 

A1 3962 0.63 0.11 0.28 not 0.25 0.28 not 

Fe 3737 - 0.09 0.13 0.03 - 
MgCl bh - 0.16 0.11 0.08 - 

- 
analyzed analyzed 

MgF bh - 0.35 0.23 

A10 bh 4842 0.04 0. 13 0.05 

0 .05  - 
0. 15 - 

All values corrected f o r  background after normalization 
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t races .  

in  picking out faint l ines above the background. 

was ve ry  great, not only because of the faintness of the lines, but a lso be- 

cause the 2300A wide spectrum is compressed into one inch of emulsion. 

These factors enable the human eye using a print, to be superior  to the densi- 

tometer using the negative plate, for picking out significant features  of these 

spectra .  

One of the problems caused by excessive graininess i s  the difficulty 

In this program, the problem 

0 

As a resul t  of the problems indicated above, only a few lines which could be 

posit ively identified were analyzed. 

t r aces  and positive prints of the spectrograms,  the major  features  a r e  shown 

Using a combination of densitometer 

in  Table 3-10. i 
I 

In comparing different shots, i t  was f i r s t  established that exposure and plate 

processing conditions were ve ry  nearly the s a m e  for a l l  shots. 

between calibration shots, 32, 37, and 42, were small. Possibly, there  is  

more  oxygen present  in  37 due to the non-passivated aluminum sample. 

is no difference except background in  calibration shots, 32, 37,42, and granite 

shot, 39, which contained impure CTF. The serpentine, 33, and gabbro, 38, 

shots a r e  quite different f rom calibration shots, 32, 37, 42, showing much 

more  structure.  Major differences between gabbro, 38, and serpentine,  33, 

a r e  i n  the background; serpentine, 33, being overexposed. Qualitatively, both 

33 and 38 show the A1 doublet, the MgF bands, the MgC1 bands, the tungsten 

line ( f rom the initiator) and the A10 bands. In addition, the gabbro shot, 38, 

shows a great number of i ron  l ines,  a calcium line a t  4226.7A, and C a F  bands. 

Assuming the shots used h e r e  a r e  representat ive and reproducible i t  should 

be quite easy (qualitatively) to distinguish between granite,  serpentine,  and 

gabbro u s i n g  i ron  and calcium l ines  and MgC1, C a F  and MgF bands as the 

basis.  

Differences 

There 
( 

0 

No OH o r  other hydrogen fea tures  were observed because the spectrograph 

did not reach into the p r i m a r y  field of in te res t ,  i. e. 
0 

3060A. 

No Si o r  K lines were found. 

The major  difference between shots, 33 and 35, both serpentine,  i s  the over-  

exposure of 33 which prevents analysis for faint s t ruc ture .  

a r e  not visible on 35. 

The A10 bands 
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In general, the increase  i n  quantity of gabbro in  shots, 38,40, and 41, reduced.  

the intensity of the spec t ra  and the number of l ines and bands excited, except 

that the MgCl and MgF bands suddenly reappear  in  41. 

doublets pers i s t  in  a l l  three shots. 

Calcium line and A1 

F o r  a comparison of l ines on a photographic emulsion, i t  is necessary  to cor -  

r ec t  for background and "gamma" ( see  Table 3-9), 

su re  is defined a s  the slope of the straight-l ine portion of the plot of the image 

density versus  the log of exposure of the film. 

image is  the log of the opacity. 

sion of the image ( in  a densitometer).  Thus D = log Op = log ( 1 / T )  = -log T, 

where D is density, Op is opacity, and T is time. Although the gamma co r -  

rection i s  a function of wavelength, i t  is not a strong one. 

for 103a-F fi lm (a fi lm of high sensitivity, especially for long exposures  as 

in astronomical work) the majori ty  of s t ruc tu re  falls on the l inear  portion of 

the "D-log E" curve. Data have been normalized with respec t  to the A1 3962 

line and corrected for background using the average background below and 

above the line o r  bandhead in question. 

The gamma of an  expo- 

The density of a photographic 

The opacity is the rec iproca l  of the t ransmis-  

It i s  apparent that 

The gamma used was 0.6 in  Table 3-9. 

In establishing the light intensity t rends  in the three  gabbro shots ( see  F igure  

3-27) the following procedure was used: 

All but a narrow s t r i p  of each spec t rogram negative image in  the s a m e  s tep 

region (continuum) was masked off, result ing in  a one to one correspondence 

with f la re  region. 

tive scale  at two wavelength regions with a sensit ive cadmium sulfide cell. 

The following resul ts  were obtained: 

Light t ransmiss ion  intensity was then measu red  on a re la -  

% Soil Relative Relative 
Spectrogram Dilution Gabbro Intensity .at 4000A Intensity a t  4200A 

No Ratio Ratio (normalized)  (normalized 

38 6.7 1 1 . 0  1.0 
40 26 5 62  . 54  
41 64 25 08 .07 

I t  is anticipated that this procedure  will be adapted to l ines  and bands and 

checked with the analysis of additional microdens i tometer  runs  on 40 and 41 

a t  a l a t e r  date. 



Section 4 

ANALYSES 

Presented  in this pa r t  of the repor t  a r e  the resu l t s  of four analyses  which 

were  conducted during the E L F  feasibility study. The following is included: 

1. Information concerning the probable lunar surface charac te r i s t ics ,  

which was of grea t  ass i s tance  in selecting the mos t  advantageous 

simulated soils fo r  the experiments enumerated in  Section 1 

2. A discussion of s eve ra l  observational considerations on the feasi- 

bility of observing and recording the actual ELF impact  event 

3 .  A presentation of the Deep Space Net capabilities for  tracking and 

predicting the impact t ime and position 

4. A theoret ical  hydrodynamic evaluation of the impact event. 

4 .1  ANALYSIS O F  LUNAR SURFACE CHARACTERISTICS 

The purpose of this analysis was to present cur ren t  thinking as to the physical 

and chemical  nature of the lunar surface ea r ly  in the ELF program so  that 

the experiments  couid be conducted wiiii the L e s t  p~ossi=?e seleczinn nf s i ~ i ~ l -  

lated lunar  soils.  

grani te ,  gabbro, and serpentine in finely divided form.  The soi ls  used for  

the impact  t e s t s  were  chosen mainly from a physical s t ruc ture  standpoint, 

fo r  example,  solid granite,  gabbro, serpentine, and quartz;  finely divided 

sand of the granite,  gabbro, and serpentine; and powdered garnet  dust. 

( F o r  detai ls  s ee  Appendix. ) 

The soi ls  finally selected for the spectroscopic tests were  

4 . 2  OBSERVATIONAL CONSIDERATIONS 

In this  section, the resu l t s  of analyses designed to answer the following 

questions are presented: 

1. How can  we observe the E L F  event?  
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2. What can  we expect to  see ? 

3 .  How can  we detect and record  the information? 

4.2. 1 Observing Stations 

The E L F  event will  be observed by existing telescopes located at observa-  

to r ies  in the Southwest United States. Some prel iminary contacts have been 

made by D r .  A. B. Meinel, Director of the Steward Observatory in Tucson, 

Arizona, to obtain expressions of in te res t  f rom other as t ronomers  and other 

observatories concerning their  participation during the observation phase. 

Although no specific commitments have been sought at this ear ly  date, the 

preliminary discussions have indicated a high degree of in te res t  and there  is 

a good possibility that some of the la rges t  telescopes may be available f o r  the 

event. Among those contacted thus far a r e  Dr .  A. J. Deutsch, who is a s s o -  

ciated with the Mt. Wilson and Pa lomar  Observatories,  and Dr. W. Livingston 

of the Kitt Peak  National Observatory. 

The t ime window permitted for  observing the event will be discussed in a 

la te r  section, but it should be noted he re  that the observing t ime will be 

res t r ic ted  to a period of s eve ra l  hours during the ea r ly  phase of the new moon. 

The t ime window limits the geographical area f r o m  which the event may be 

recorded. 

potential participants, their  location in the Southwestern United States,  and 

the telescopes existing at these locations. 

The t ime is shown in Figure 4-1, which a l so  i l lus t ra tes  the many 

Participation by a number of observator ies  is desirable  in the event of adverse  

weather at one o r  more  of the s i tes .  A minimum of five observator ies  should 

be involved i n  o rde r  to  obtain sufficient geographic spread  and to observe the 

event with different types of instrumentation. 

a tory may have more  than one instrument  available for observation. 

It is possible that each observ-  

4. 2. 2 Signal and Noise Intensities 

Before the various detection and recording techniques a r e  discussed 

(Section 4.2. 3),  it is appropriate to consider  some of the c r i t i ca l  pa rame te r s  

which will have a vital effect on the feasibil i ty of detecting and recording the 

E L F  event. These pa rame te r s  include the radiant  intensity of the f l a r e  
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signal, the background intensity ref lected f r o m  the la rge  surface,  signal-to- 

background rat io  considerations,  electronic noise in the detection apparatus,  

and the instrument signal-to-noise ratio. It is important  to  differentiate 

between background noise (or  background intensity) and electronic noise. 

The former  will represent  an  average signal level which i s  essentially con- 

s tant  fo r  the duration of the flare. 

the detector which is being viewed against  an  essent ia l ly  constant background, 

the flare should be detectable as long as it represents  a reasonable percentage 

of the total background energy. Experience indicates that an  RMS signal to  

dc background rat io  of the o r d e r  of 0 . 2  will be adequate for  f l a r e  detection. 

The consideration of electronic noise in  the detector -preamplifier equipment 

is a l so  of g rea t  importance since it will limit the ability to  detect  faint sources .  

These considerations a r e  discussed in m o r e  detail  below. 

Since the flare will  produce a signal at 

4. 2. 2 .  1 Signal Intensity 

Optical signal intensity (total  i r rad iance  a t  the telescope aper ture)  can  be 

expressed as follows: 

radiant energy of f l a r e  1 sphe re  H =  X 
S burn  t ime I n  s te rad ians  

2 (dia. of ape r tu re )  

(lunar distance)2 
x f x  

radiant energy solid angle subtended by aper ture  H a  X 
S burn time unit solid angle 

Definition of the f l a r e  i r rad iance  was based  on a n  extrapolation of exper i -  

mental  results.  This extrapolation was per formed as follows: in static 

tests, light intensity was measured  f o r  50-, 500-, and 5, 000-gm flares. 

While the data a r e  not conclusive, it appea r s  that  a l inear  relationship 

between flare mass and light intensity would be appropr ia te  fo r  use  in e s t i -  

mating the charac te r i s t ics  of a ful l -scale  flare. 

energy of 0. 30 watts - s e c / 8 ,  which is appropr ia te  f o r  the 4, 500 to 6, 500 a 
wavelength region, was chosen on the b a s i s  of da ta  obtained in  the impact  

A value fo r  f l a r e  radiant  



t es t s .  

8, based on an event duration of 15 msec. 

between this value (for 16.4 gm. of reactants) and the full-size (100 lb of 

reactants) f l a r e ,  the full-size f la re  would have an i r radiance of 55, 000 

watts /8. 

An average value of f la re  irradiance was determined to be 20 watts! 

Based on a l inear  relationship 

A 60-inch (151 cm)  diameter  telescope subtends an angle of 

2 2  
2: = 1. 2 x steradian; therefore,  (151) c m  

10 (3. 84 x 10 ) 2  c m  f X  

3 55. x 10 w a t t s / R  10-17 ster 
4n steradian i r radiance H = 

= 5 .3  x 1 0 - l ~  wat t s /R 

In the next section, the best  viewing conditions a r e  determined to be four days 

af ter  new moon, at the end of astronomical twilight. Figure 4-2 shows the 

altitude of the moon and the number of a i r  m a s s e s  through which the signal 

mus t  pass  as a function of the number of days af ter  new moon. 

is for  the period 30 May to 5 June 1965. 

valid for  April  1965. 

Cctober 1765 ; je r in r l  excep t  that the conditions descr ibed would occur 2 hours  

before dawn ra ther  than at sunset and 2 hours  af ter  sunset.)  

f igure,  the number of a i r  m a s s e s  four days af ter  new moon at the end of 

as t ronomical  twilight is approximately 2. 

of 0. 36 pe r  air mass, absorption by the atmosphere will modify the peak 

i r rad iance  to  be 5. 3 x 

(This  figure 

The data can  a l so  be considered 

In addition, the data a r e  representat ive for  the 

F r o m  this 

Assuming a t ransmiss ion  factor 

x 0.36 = 1 .9  x w a t t s / a .  

4. 2.2. 2 Background Intensity 

Background noise is contributed by energy reflected f r o m  the Earth-lighted 

(dark)  portion of the moon and by scattered moonlight. 

o r  four  days af ter  the new moon, the greatest  contribution is f r o m  the dark  

portion. The intensity of this noise is  an inverse function of the absorption 

by the atmosphere,  through which it is transmitted.  Absorption i s  nearly a 

During the f i r s t  th ree  
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cosine function of the angle of elevation (0) of the moon since this angle defines 

the number of air m a s s e s  through which the signal passes .  

Background noise contributed by scattering in the atmosphere of energy f rom 

the lighted portion of the moon, which is actually outside the field of view, is 

a function of the atmospheric t ransmission as well as the a r e a  of the lighted 

portion, and severa l  other factors.  

function, computed values were  not considered applicable, and measured  

values were  used. 

University of Arizona. 

Figure 4 - 3 .  

Because of the complex nature of this 

The measurements  were made by Dr. Walter Fitch of the 

Data derived from this experiment is plotted in 

An expression for  background energy a t  the aper ture  is as follows: 

i r radiance 
unit a r e a  

angular field of view x a r e a  of aper ture  
X H a  

bg 

Signal f rom the f l a r e  is subject to the same absorption function as is the 

Earth-shine signal. 

vs.  days a f te r  the new moon (based on values at the t ime of the end of a s t r o -  

nomical twilight, 2 hours  af ter  sunset)  is included in Figure 4 - 3 .  The mos t  

advantageous signal-to-background r a t i o  occurs  at the t ime when the slopes 

of these two curves a r e  equal, which is approximately four days af ter  the 

~ e v :  m n n ~ .  

putation purposes throughout this report. 

A plot of percentage of t ransmiss ion  of the f la re  signal 

y;iy vs:ut: cf f~n;. c k ; - ~  nf t e r  the new moon will be used for  com-  

A field of view described by an ell ipse having axes of 12 k m  and 60 km (as so -  

ciated with a 30 probability of impact) represents  a solid angle of view of: 

x 3 .  85 x steradians n 
T X  ( 3 .  84 x l o l o  cm) 

12 x 60 x lo1' cm2 

2 
1 s teradian = 4 . 2  x l o l o  s ec  

2 2 

s teradian 
= 160 sec  3.  85 x steradians x 4 . 2  x 
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- 14 -2 The peak background intensity was observed to  be 7.0 x 10 

sec  

e r g s  c m  , 

-1 -1 (sq sec  of a r c )  4 days after new moon (see  Figure 4-3). 

Thus, background intensity = 

irradiance x angular field of view x a r e a  of aper ture  unit a r e a  

- 14 e r g s  -2 4 2 wat t -sec 
l o 7  e r g s  

= 7 x 1 0  x 160 sec x 1.80 x 10 cm x 

-14 = 2.03 x 10 wat t s18  

4.2.2.  3 Optical Signal-to-Background Ratio 

Optical signal-to-background rat io  can  be expressed as: 

F l a r e  radiant energy solid angle subtended by aper ture  
X 

HS burn t ime unit solid angle 
i r radiance x a r e a  of aperture x angular field of view 

unit a r e a  R b g a  

S f la re  radiant energy H 

q a  
g 

background irradiance x burn t ime x field of view 

= 0.94 signal - H s -  1 .9  1 0 - l ~  

2.03 1 0 - l ~  
- - -  

g 
Hb background 

Since the ability to  d i rec t  a telescope is limited to approximately *l s?c, 

this inaccuracy must  be added to the target a r e a  to allow a minimum 30  

probability of observing the hit. 

subtends an  a r c  1. 87 km long on the moon. 

to  each axis, the ta rge t  a r e a  becomes ’* :74 

than the a r e a  descr ibed as a 30 target.  

the s ignal  -to-background rat io  accordingly. 

becomes 

sys t em since rat ios  as low as 0. 2 can  be readily interpreted by ei ther  photo- 

graphic  o r  electronic recording means. 

An angle of 1 SG with its apex on the ea r th  

If twice this dimension is added 

6. i74 = 1.36 times l a rge r  . 2  x 6. 
The effect of this change is to reduce 

The signal-to-background rat io  
94 0. 69. This will not materially affect performance of the m =  
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In the use of either recording technique, steps must  be taken to prevent the 

background signal f r o m  saturating the signal -processing equipment. 

Since the background signal is consistent in charac te r ,  (steady-state) i t  can 

be rejected i n  the electronic recording devices by high-pass fi l tering tech-  

niques (ac coupling). No direct ly  analogous technique is available in the case  

of the photographic record.  However, the detr imental  effect of integration of 

the background signal over  the exposure t ime can  be minimized by moving the 

fi lm past  the aperture  during the time window. 

witnesses the event is thus only exposed to the background light during the 

period of the event, and records  what is nearly the t rue  signal-to-background 

ratio. 

The portion of the film that 

4 .2 .2 .4  Equipment Noise Level 

In the case where electronic means a r e  employed, the e lec t r ica l  signal-to- 

noise r a t i o  becomes significant. 

f rom the flare,  while the noise component is principally the noise equivalent 

power (NEP) of the photomultiplier tube. 

in character  and frequency to the light signal expected f rom the flare, a 

probable minimum signal-to-noise ra t io  is on the o rde r  of 2. 

The signal is contributed by the light energy 

Since the noise signal i s  similar 

4.2. 2. 5 Signal-to-Noise Ratio 

Whenever the light signal is dispersed fo r  purposes of spec t ra l  analysis,  the 

signal received by the t ransducer  is descr ibed by the spec t ra l  i r radiat ion 

(HA) multiplied by the spec t ra l  window (resolution) of the t ransducer .  This 

product, when compared to the N E P  of the t ransducer ,  descr ibes  the e l ec -  

t r i ca l  signal-to-noise ratio. 

Section 4.2.2. 1 is as follows: 

An anL1ysis of the signal discussed in 

Optical signal into aper ture  HA = 

Efficiency of optics = 0. 3 

Signal to t ransducer  H A  = 

- 14 watts l . 9 x  10 - a 

- 14 1 . 9 ~ 1 0  x O . 3  - 15 watts 5 .7  x 10 R 
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Assuming a 1 0 2  minimum-resolution window, 

x 1 0 2  = 5.7 x 1 0 - l ~  watts - 1 5 watts Signal through window = 5.7 x 10  - 
2 

NEP of photomultiplier tube 1P21 at 25°C = 1. 9 x watts 

- 14 
= 30. 5.7 x 10 S / N  (1P21 tube) = 

1 . 9 x  10- ’ 
This is entirely adequate since a S / N  ratio of 2 is considered usable. 

4. 2. 3 Instrumentation 

A number of potential recording techniques that could be used to  detect and 

observe the f la re  were  analyzed with the expectation that some of them would 

not prove to be feasible. The techniques which were  evaluated included: 

(1) d i rec t  photographic recording of the event to obtain a t ime -integrated 

spectrograph of the f la re  radiance, (2)  spectrographic recording using a n  

image -intensifier technique to ensure  adequate exposure of a low -intensity 

f lare ,  (3)  nonscanning multichromator approach using multiple sensors  in a 

single dispers ion instrument to provide t ime -resolved outputs f r o m  fixed 

spec t r a l  intervals ,  (4) photoelectric detection with a rapid-scan monochro- 

ma to r  to obtain t ime-resolved spec t r a  of the event, and (5) simple photo- 

multiplier observation of the integrated spec t rum to provide a t ime -resolved 

output of the total  radiation f rom the flare. 

The possibility of adapting o r  modifying existing instrumentation at various 

observa tor ies  has  been considered, and it appears  feasible to use existing 

spectrographic  equipment for  d i rec t  photographic recording of the event. 

Observation of the f l a r e  requires  f a i r l y  rapid t ime response with little pos- 

sibil i ty of integration because of the brief duration of the event. Thus, mos t  

other  types of instrumentation must  be tailored for  this application, although, 

in some cases ,  it may  be possible to  use detector assemblies  that have been 

provided with new electronics.  
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4.2. 3. 1 Direct Photographic Recording 

78 

In this section an  analysis of d i rec t  photographic recording of the flare event 

is presented. 

4 Predicted f la re  yield = 5. 5 x 10 w a t t s / a  

(average over  3, 5002  - 6 , 5 0 0 2  spec t ra l  range) 

Solid angle subtended by 60 in (152 cm) aperture:  

lo') = 1. 29 x s te rad ian  = = Z X  r n  

(3. 84 x 10'") 

Transmission through 2 air m a s s e s  = 0. 36. I r radiat ion at aper ture  = 

-14 watts = 2 x 1 0  - 4 5.5 x 10 watts 1 sphere  1.29 x s t e r .  
a 4 n  s t e r .  0.36 x 

sphere  - 2 

Since the diameter of the f i reba l l  image was determined to be sma l l e r  than 

the minimum resol.vable element of the film, (Kodak 1-0 has  a resolution of 

f rom 69 to  95 lines per  mm) assuming a minimum increment  to  be 

Assuming that the dispers ion of the spec t rum is such that loa spans 0.02 mm 

of film, the energy available to  develop a minimum increment  of film 

= 2 x 1 0 - l ~  wattsx loa = 2 x 1 0 - l ~  watts.  a 
-4 watts 

4 x 10-l' m e t e r s  meter 
2 = 5 x 1 0  -2 2 x 1 0 - l ~  wat ts  Irradiation of the film = 

lumen lumen 

m e t e r  
= .3425 -2 -4 watts 7 685 watt  = 5 x 1 0  

= 0. 3425 meter -candles  

F r o m  Kodak Photographic Notebook (Scientific and Technical Data, Section 

P - 9  Page 4d): 



Kodak Film 1-0 Relative Sensitivity (SA) = 50 

to  expose to a density of 0 .6  1 - - 
‘A mete r  candle - sec  

0.06 sec  1 - - A =  
0. 3425 me te r  - candle x 50 :. t = 

Since density vs. exposure is a log function, our 0.01 sec  exposure t ime 

should produce a density of 0 . 2  to  0.3. This is readily measurable  by a 

mic ro  -densitometer.  

The optics required for  d i rec t  photography can be identical to the a r r ange -  

ment  used with the image intensifier tube, as descr ibed i n  Section 4. 2. 3. 2. 
In the d i r ec t  photographic approach, the film is located at the optical  focal 

plane, as shown i n  F igure  4-4. 

The following performance specifications a r e  applicable to the instruments:  

Sensit ivity (threshold) 10- 15 wat t -sec 

Photometr ic  accuracy  3% 
Recording means Photographic 

Calibration means 

Spectral  re solution 5 1  
Wavelength accuracy  5 A  

Dynamic Range 100 
Tungsten lamp and neon source 

Cost  and lead time es t imates  a r e  as follows: 

Item 

Optics and Me chanic s 

Design (complete) 
Design (modification):: 
Purchase  pa r t s  

Fabricat ion and t e s t  
Calibration 
Ins tallation 

Total  

c o s t  Time 

$20,000 4 Months 

4,000 4 , 0 0 0  3 Months 

16, 000 16,000 3 Months 
1,000 1,000 1 Month 
1,000 1,000 1 Week 

$42, 000 $26,000 8 Months 

$ 4,000 

(lead t ime)  

8 
Note: Modification required to adapt design of optics used for image 

intensifier version. 
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Figure 4-4 Meinel Spectrograph (Direct Recording) 



4.2. 3 . 2  Image -Intensifier Spectrograph 

In case  of a low-intensity impact event and the possible marginal  per form-  

ance of direct  spectrographic recording of the event, ser ious consideration 

should be given to the application of electronic image -intensifier techniques 

to enhance the recorded spectrograph. 

With present  s ta te-of-ar t  components and techniques, a n  instrument could be 

constructed enabling a n  event to be recorded which has 1 to 10% of the inten- 

s i ty  required for  d i rec t  photographic recording. This approach i s  applicable 

where the signal-to-noise and signal-to-background levels a r e  adequate, but 

the absolute magnitudes a r e  insufficient to permi t  proper recording with r e a -  

sonable telescope aper tures  and suitable f i lm emulsions.  

High-resolution image -intensifier tubes require  strong, uniform magnetic 

focusing fields which, in turn, impose use of somewhat bulky focus coils 

around the tube. As a result ,  the photocathode is usually recessed  f rom the 

mechanical interface with the tube assembly. This has  been a nagging prob- 

l em to the u s e r  since conventional spectrographic instruments have not been 

designed with sufficient focal plane relief to allow use of such novel detection 

devices. The high optical speed desired for maximum sensitivity, and the 

relatively la rge  field of view required to image the spectrum on a plate has 

frequeritly beer; obtained ifi cenvr 11~1uua: L' - - - -  : - - + - - r - - n t e  u.I______ hxr  , t h p  11se of fast +IIu 

Schmidt-type c a m e r a  optics, with the focal plane located between the imaging 

m i r r o r  and the refractive cor rec tor  plate. 

This approach dictates that the focal  plane apparatus be small with respect  

to  the total  c a m e r a  aperture  in o rde r  to minimize obscuration of the 
aperture .  This is not a ser ious problem f o r  photographic recording, s icce 

tb2 photographic plate and plate holder can  be conveniently small .  It r e s t r i c t s  

the flexibility of the instrument for  use with other recording techniques, 



however. 

image -intensifier highlights the need for  a new optical configuration that pro-  

vides an  accessible focal plane with good relief f r o m  the s t ruc tu ra l  interface.  

The relatively la rge  bulk and the r eces sed  focal surface of the 

Dr. A. B. Meinel has proposed an ingenious adaptation of reflective m i c r o -  

scope optics to achieve the necessary  focal  plane relief. 

essentially of an  inverted cas seg ra in  reflective system, as shown in 

Figure 4-5, wherein the p r imary  m i r r o r  is a small convex element, and the 

secondary is a la rge  concave sur face .  

tive, except for  a small field flattener at the focal surface,  it is not res t r ic ted  

to use in any particular wavelength interval, and is completely adaptable to  

a var ie ty  of detection devices, of which the image-intensifier tube is one 

example. The configuration lends itself to a highly flexible, modularized 

instrument suitable for  a var ie ty  of spectrographic applications. 

His design consis ts  

Since the sys t em is ent i re ly  re f lec-  

As shown in Figure 4-5, m i r r o r  M1 collimates the energy f r o m  the telescope, 

matching the dispersion module to the light -gathering apparatus.  

m i r r o r  would be interchangeable to  permi t  efficient matching to a var ie ty  

of telescopes with different focal ra t ios .  

f r o m  a plane repl ica  grating and reflected f r o m  p r i m a r y  m i r r o r  M2. 

then reimaged by secondary m i r r o r  M3 to f o r m  a spec t rum at the focal 

surface.  Complete flexibility in operating wavelength is achieved by se lec  - 
tion of gratings with appropriate dispers ion constants (l ines pe r  mi l l imeter )  

and orientation of the grating angle to  be compatible with the blaze angle. 

Order  separation is achieved by addition of an  appropriate  fore  p r i s m  o r  

wedge to introduce a slight dispers ion no rma l  to  that provided by the grating. 

The various o r d e r s  will then be a r r ayed  one above the other  at the focal 

surface.  

This 

The coll imated light is diffracted 

It is 

The output of the image tube will  be t r ans fe r r ed  to  photographic film by a 

1:l t ransfer  lens. 

sur faces  at a slight angle to  one another to provide multiple images at the 

fi lm with decreasing intensit ies.  Thus, if the exposure is in e r r o r  due to  

The t r a n s f e r  sys tem will  include two partially reflecting 
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Figure 4-5 Meinel Spectrograph (Image Intensifier) 
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higher than expected radiant intensity f r o m  the f lare ,  saturat ion of the 

straight-through image will not resu l t  in  total  loss of information since lower 

intensity images will be provided by diversion of approximately 10% of the 

light f l u x  into the multiple reflecting paths. 

intensities of 100, 10 and 1 would thus provide an  extremely high dynamic 

range fo r  this recording technique. 

Graded images having relative 

The following performance specifications are applicable to  the instrument: 

Sensitivity (threshold) 1 o -’ watt -sec 

Spectral  res olution 5A 

Wavelength accuracy 5R 

Spectral  range 3 , 0 0 0 2  to  6 , 0 0 0 2  

Photometric accuracy 5 70 

Recording means Photometr ic  

Dynamic range 1000 

Calibration means Tungsten l amp  and neon source  

Cost  and lead time es t imates  are as follows: 

I tem Cost  

Optics and mechanics  

Design $20,000 

Purchase  par t s  5,000 

Fabricat ion and test 25,000 

Electronic s 

Design 

P u r  c has  e 
3,000 

15,000 

Fabrication and test 5,000 

Calibration 2 ,000  

Installation 

Total 
1,000 

$76,000 

Time 

4 Months 

3 Months 
(lead t ime)  

4 Months 

1 Month 

6 Months 
(lead t ime on tube) 

1 Month 

1 Month 

1 Week 

10 Months 



4. 2. 3. 3 Multi-Channel Spectrometer  

A fixed image, multi-channel spectrometer  is displayed schematically by 

Figure 4-6. In this instrument a s e r i e s  of exit s l i t s  and their  respective in- 

dividual detectors witness preselected portions of the spectrum. 

of the performance of this instrument is a s  follows: 

An analysis 

Assuming the signal conditions described in Section 4.2. 2. 5, we have an  i r -  

radiance of 5 .7  x 
t iplier tube) has  a quantum efficiency of 1070, photon yield at the t ransducer  

is 

watts at the transducer.  If the t ransducer  (photomul- 

0.01 sec.  
event X 

18 photons N = 5.7 x 1 0 - l ~  watts x 4 x 10 watts-sec. 

- 230 photons - 
event 

Output signal f r o m  the t ransducer  can be recorded by a tape r eco rde r  fo r  

playback into a s t r i p  cha r t  recorder ,  or  directly into a high-speed s t r i p  cha r t  

recorder .  

at preselected portions of the spectrum. 

Ei ther  technique will provide a t ime-resolved r eco rd  of the event 

The following performance specifications are applicable to the instrument: 

Spec t ra l  range 
0 0 

3000A to  9000A 
0 0 0 0 

Wavelength accuracy 5A at 3000A to 15A at 9000A 

Photometric accuracy 10% 

Recording means Electronic 

Dynamic range 100 

Calibration means Tungsten lamp and neon source 

85 



FROM TELESCOPE 

EXIT 
S L I T S  

Figure 4-6 Multi-Channel Spectrometer 



Cost  and lead time es t imates  a r e  as follows: 

Item 

Optics and mechanics 

De s ign 

Purchase  par t s  

Fabricat ion and test 

Electronics  

Design 

Purchase  par t s  

Tape r eco rde r  (leased) 

Fabricat ion and test 

Calibration 

Installation 

Total 

c o s t  

$15,000 

5,000 

2 0 , 0 0 0  

3,000 

2,000 

6,000 

5,000 

2,000 

Time 

4 Months 

3 Months 
(le ad  t ime) 

4 Months 

1 Month 

1 Month 

2 Months 

1 ,000  1 W e e k  

$59,000 8 Months 

4.2. 3 .4  Scanning Spectrometer  

Some effort  has  been expended in the study of various concepts that allow 

t ime-resolved coverage of the complete spectrum. 

the l imited light available. 

S ~ C Z ~ U Z X  -,vith ~ i i e  exit slit a d  une transducer,  tne spec t rum mus t  be scanned 

across the slit. 

s can  the spec t rum at leas t  10 times during the event. 

sec. burn  time, a scan  frequency of 1, 000 cps  is required.  Considering a 

1OA s p e c t r a l  resolution, the following extension of the analysis presented in  

Section 4. 2. 3. 3 is valid. 

They are all defeated by 

In o r d e r  to  provide coverage of the complete 

For time resolution t o  be meaningful, it is necessary  to 

In the case of an 0. 01 

0 

0 
230 photons event s can  1 OA 

10 scans TRKK increment  N =  event 

- 0. 077 photons - 
inc r erne nt 

Since this  yield is at least two o rde r s  of magnitude below a usable quantity, 

any upgrading due to  larger  collecting optics o r  any compromise of other 

p a r a m e t e r s  is to  no avail. 
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4.2 .3 .  5 Time-Resolved, Total Spectrum Recorder  

A single channel t ransducer  can  be used to record  the nondispersed signal 

f rom the event. 

field stop placed at  the focal plane of a telescope. 

would be recorded either on magnetic tape o r  on a high-speed s t r i p  cha r t  

recorder .  

Such a device would consist  of a photomultiplier tube and a 
Output signal f r o m  the tube 

Since this t ransducer  witnesses the total  spectrum, large collecting optics 

a r e  not necessary to provide a sufficient quanta. 

analysis presented in Section 4. 2. 2. 1 indicates the following yield f r o m  a 

20 -in. aperture:  

An extrapolation of the 

photons 3000x increment  ( 2 0 ) ~  
increment-event spec t rum T (3 X N = 230 

photons 
spectrum -event = 7700 

This instrument provides t ime -resolved information related to the total  spec - 
t rum. 

of the physical composition of the lunar surface.  

be a valuable adjunct to the spec t ra l  photographic and photoelectric information. 

Its value l ies in the analysis of the burn ra te  of the f la re  and thereby 

This information will  a lso 

Economic considerations suggest that this instrument  be used i n  conjunction 

with the multi-channel spec t rometer .  The two instruments  sha re  a common 

telescope and tape recorder .  

diver ts  part  of the light energy (10%) into the total  spec t rum reco rde r .  

schematic description of this  concept is included in F igure  4-6. 

A partially s i lvered  m i r r o r  (beam sp l i t t e r )  

A 

The following performance specifications are applicable to the instrument:  

Sensitivity (threshold) 

Spectral  range 

10-1 watts 

3000A to 7000A 
0 0 

Photometric accuracy 10% 

Recording means  

Dynamic range 

Electronic  

100 

Calibration means Tungsten lamp 



Cost and lead t ime es t imates  are as follows: 

I tem c o s t  Time 

Optics and Mechanics 

Designs $2 ,000  1 Month 

Purchase  par t s  1 ,000 3 Months 

Fabricat ion and test 2 , 0 0 0  1 Month 

(lead t ime) 

Electronics  

Design 1, 500 1 Month 

Purchase  par t s  1 ,000 1 Month 

Fabricat ion and test 500 1 Month 

Total $8, 000 6 Months 

::;Note: All cos ts  a r e  based on use of the technique descr ibed 
where telescope and recorder  are shared  with multi-  
channel spectrometer .  Elapsed t ime considerations 
can  be absorbed in the est imate  offered for  the multi-  
channel instrument.  

4.3 IMPACT PREDICTION CONSIDERATIONS*: 

Of vi ta l  importance to the acquisition of flare data  is the coordination required 

during the experiment to provide accurate pointing and impact-t ime informa- 

tion to  the pa.rticip=tin~ - sbsc;.-,,-e.;-s. It la fr Ig. isL Geslrible t= ab le  to pi.edici; 

the impact  area with a high degree of accuracy, since this will permi t  a mini -  

m u m  field of view fo r  the recording devices and therefore  a low background- 

noise level. 

t o  minimize the impact- t ime window and reduce the recording interval  and 

the attendant exposure of photographic devices to  the background signal. 

t racking activity mus t  be sufficiently coordinated with the observing sites (1) 

to  pe rmi t  t imely positioning of the participating equipment in o r d e r  to  observe  

the predicted impact  a r e a  on the lunar surface and (2) t o  permi t  recording of 

the event beginning at a time interval of less  than 1 min. (preferably 10 sec.  

p r i o r  to  impact).  

:: Information presented in this section concerning the Deep-Space Net was 
provided by Dr. E. Rechtin, T. W. Hamilton and J. J. Rennilson of the 
J e t  Propuls ion Laboratory,  California Institute of Technology. 

In addition, it is desirable  to have an  accurate  t ime prediction 

The 
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4. 3. 1 Prediction Accuracy 

In o rde r  to determine the position and t ime of f la re  impact on the lunar s u r -  

face, the Deep-Space Net would t r ack  the spacecraft ,  determine its orbit ,  

and predict  the impact conditions. 

5 to 30 min .  af ter  injection. 

Tracking would be continuous and commence 

Position-prediction e r r o r s  a r e  assumed to be normally distributed with a 

mean value of zero.  

mately 10 km, while the s tandard deviation in latitude e r r o r  is approximately 

2 km. 

mid-course correction. 

grazing impact, o r  where a mid-course correct ion is employed, the theoretical  

prediction e r r o r s  would be higher. The values given a r e  conservative,  how- 

ever ,  in that they a r e  based on the assumption of a m a s s l e s s  moon; hence the 

focusing effect of the moon's gravitational field is not considered. 

above a r e  appropriate for  the Spring 1965 t ime period. F o r  a la te r  period, 

the uncertainties would be reduced, due pr imar i ly  to a change f r o m  L-band 

to S-band equipment. 

of 4 o r  5 hours before impact; thus accuracy does not improve substantially 

in the last 4 o r  5 hours before impact. 

The s tandard deviation of longitude e r r o r  is approxi- 

These values apply for  moderate  ( < 45") lunar impact angles and no 

F o r  high-impact angles, such as in the case  of a 

The values 

The impact position is known within the above accuracy 

Impact -time prediction accuracies ,  however, improve sharply as lunar im - 
pact is approached. Two hours  before impact the s tandard deviation in  t ime 

e r r o r  is 3 sec.  One hour before impact the s tandard deviation is down to 1 sec.  

Again, a normal distribution is assumed with a mean  e r r o r  of zero.  

The accuracy with which lunar  impact conditions a r e  known was determined 

by a statist ical  analysis of the est imated e r r o r s  involved in tracking and orb i t  

determination. 

diction capabilities. 

Experience with Ranger has  provided confidence in the p r e  - 

4.  3.  2 Coordination of Tracking Facil i ty and Observator ies  

Impact position and t ime data  a r e  provided in  ce les t ia l  coordinates and GMT. 

On previous Ranger missions,  communication of this  data  has been performed 

by means of direct  dialing. However, due to  the importance of this information 



in observing a lunar flare, open, direct  telephone l ines between the tracking 

facility and observatories appear  to be warranted near the t ime of the impact 

event. 

4. 3. 3 

Personnel  of the Deep-Space Net Program Office have indicated, on an infor- 

mal basis ,  that the Deep-Space Net would be available to  support  the ELF 

program during the spring o r  fall of 1965. 

Tracking Facility Availability 

4. 3.4 Tracking-Facil i tv Modifications 

The accuracy with which the position a n d  t ime of lunar impact can  presently 

be predicted a r e  adequate for  successful observation of the f la re  event. 

the requirements  of this program can  be satisfied without the necessity fo r  

modifying the Deep-Space Net. 

Thus, 

4.4 THEORETICAL IMPACT EVALUATION 

The work summar ized  in this section represents  some of the effort of Shock- 

Hydrodynamics and was designed to ass i s t  Douglas in establishing: 

1. The probable distribution of the chemically react ive mater ia l ,  as a 
function of t ime, during and after impact of the ELF on the lunar 
surf  ace. 

The nature and extent of the mixing of the f l a r e  materials with the 

The effects of variation of f la re  configuration upon the mixing 
process .  

2. 
Ilnnar sur:ace d-crifig iillp&--* 

3 .  

Since the lunar  surface may range in consistency f rom a powdery, low-density, 

ash-like s t ruc tu re  to a hard  granite-l ike s t ructure ,  it is necessary  to design 

a C T F  container which will prove satisfactory performance as a f la re  through- 

out this range of possible sur faces .  

of impact  phenomena and experimental  results, that a compact, high-density, 

C T F  container impacting upon the soft lunar surface would penetrate to  a 

g rea t  depth in  moderate  density s t ructure  before C T F  combustion took place. 

As a resul t ,  the light generated by combustion in this ca se  would be absorbed 

in  the lunar  ma te r i a l  and only a ve ry  small  fraction, if  any, would propagate 

I t  was recognized f rom previous analyses 
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back to the earth.  

mended. 

whose low area l  density minimizes penetration. 

Use of a compact C T F  container is therefore  not recom-  

The optimum container against a soft surface would be a flat plate, 

On the other hand, if the lunar-dust layer  is thin, then the impact, in effect, 

occurs  upon a hard  rock surface.  In this case,  a plate-shaped container, of 

the more  compressible CTF,  would largely rebound before adequately mixing 

with the lunar surface.  

Therefore ,  in o rde r  to a s s u r e  satisfactory mixing of C T F  and hard-surface 

mater ia l  and to  obtain satisfactory visibility for  the C T F  reaction in powdery- 

surface material ,  the C T F  container must  be so  designed as to  contain e le -  

ments  of both high and low a r e a l  density. 

4.4. 1 Triorthorronal Disc 

To accomplish these purposes,  we proposed a triorthogonal disc  configura- 

tion as a ca r r i e r ;  the r e s e a r c h  reported h e r e  largely concerns the evaluation 

of portions of such a c a r r i e r .  

The advantages of the triorthogonal disc  configuration a r e  as follows: 

1. If the nature of the lunar surface impacted is powdery, there  is a 
sufficiently la rge  c r o s s  -sectional a r e a  of C T F  available to r e s i s t  
deep burial  p r ior  to mixing and combustion. 

If the surface impacted is very  hard,  there  is always some portion 
of the disc  s t ruc ture  oriented s o  as to give at least modest  penetra-  
tion. The probability of occur rence  of the various orientations has  
been computed and the resu l t s  are summar ized  below. 

The geometr ical  relations existing between the three  orthogonal d i scs  
and the target  are such as to provide high velocity jetting in the case  
where all of the plates a r e  obliquely or iented upon impact. 
jetting accomplishes additional mixing and will therefore  contribute 
usefully to the spec t ra l  output of lunar  constituents. 

2. 

3.  

Such 

4.4.2 Summary of Results 

The considerations a r e  evaluated in a s e r i e s  of four computations, i n  which 

two models of the lunar surface,  90% and 0% porous ha rd  rock, were  con- 

s idered and which were designed to bracke t  the spec t rum of possible cases .  

The f i r s t  model corresponds to a powdery and soft  sur face  and the second 



to  a hard  rock, somewhat ha rde r  than the common t e r r e s t r i a l  rocks such as 

granite, basalt,  gabbro, or  quartz. 

Simulated impacts at normal  obliquity of thin C T F  plates in two orientations 

against these two targets  were  studied. 

plate impacting flat on the lunar surface,  i. e . ,  plate surface normal  to  ve -  

locity. The second orientation was with the plate surface canted at 26 1 /2"  

with the velocity. 

which is the best  cur ren t  es t imate  of the anticipated impact velocity on the 

lunar surface.  

The f i r s t  orientation was with the 

The impact velocity is taken to be 3.  11 km/sec .  (10, 200 fps) 

A detailed discussion of the resul ts  is presented in an accompanying repor t  

prepared by Shock-Hydrodynamics, a subcontractor. A brief summary  of 

the salient fea tures  is presented here .  

4 .4 .2 .1  Case  I 

Case  I is a study of a C T F  disc which impacts flat upon the soft model of the 

lunar surface.  

I ts  performance is as anticipated; 782 psec.  af ter  impact the C T F  has pene- 

t ra ted only about 40  cm,  and its downward velocity has  been reduced to  about 

0. 2 m e t e r s / m s e c .  It is confined i n  a cavity about 80 c m  in d iameter  which 

remains  open at the top. Ample surface opening is ma.intaiReC1 f e r  thc  xi-- 

cu1-e or' ZTF, iunar dust, and luminous combustion products to escape f r o m  

the c r a t e r .  

&..-- 

4 .4 .2.2 Case  I1 

Case  I1 is a study of the impact of a canted C T F  plate upon the soft model  of 

the lunar sur face .  The study indicates that the same  physical phenomena 

occur  as in Case  I, but that  the penetration depths a r e  magnified by the se-  

cant  of the cant  angle. 

m u m  performance.  

always be canted at angles l e s s  than 54" 44' s o  that sat isfactory performance 

is a s s u r e d  for  the case  of a soft lunar surface. 

Therefore ,  small cant angles a r e  desirable  for  opti-  

The probability analysis indicates that  one plate will 
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4.4.2.  3 Case 111 

Case I11 is a study 

the lunar surface. 

of a C T F  disc  which impacts flat upon the hard  model of 

The study indicates that  the plate largely rebounds after 

a very  short  time and only the per ipheral  portion of the plate becomes in- 

volved with the lunar surface to  any extent. 

to provide minimum performance of the flare. 

study indicates that  the occurrence of such an orientation, for  any one of the 

three triorthogonal discs ,  is quite unlikely. 

This phenomenon is considered 

Fortunately, the probability 

4 . 4 . 2 . 4  Case IV 

Case IV  is a study of a C T F  plate canted at 6 3 "  26' which impacts  on the ha rd  

model of the lunar surface.  A jet of lunar rock is produced which will  always 

encounter a facing C T F  plate and enhance the mixing between f la re  ma te r i a l  

and lunar constituents. In addition, the f la re  ma te r i a l  which first contacts 

the lunar rock shatters it, and subsequently additional C T F  is diverted into 

the shattered region. 

mater ia l  and lunar constituents. 

tration, which resu l t s  i n  good contact being maintained. 

sults, a plate canted a t  this angle is expected to pe r fo rm sat isfactor i ly  as a 

flare, and increasing the cant  angle will improve performance even fur ther .  

As a resul t ,  good mixing is attained between the flare 

The canting a l so  provides enhanced pene - 
Based on these r e -  

4.4.  3 Probability Analysis 

The probability analysis indicates that  the cant angle will  be g r e a t e r  than 

63 '26 '  with a probability of 95'7". 
at an angle grea te r  than 54" 44'. 

perform satisfactorily a l so  against  the ha rd  lunar  sur face  model. 

In all cases ,  at least one plate will  be  canted 

Therefore ,  we conclude that the f l a r e  will  

4 . 4 . 4  Conclusions 

F r o m  the studies c a r r i e d  out, the feasibil i ty of obtaining a sat isfactory im- 

pact of the triorthogonal flare configuration on +he lunar  sur face  s e e m s  to  be 

shown, no ma t t e r  what the nature  of that  surface.  Moreover,  since the time 

sca les  for mixing and the amounts of lunar  material mixed with the f l a re s  

va ry  with the cha rac t e r  of the lunar  surface,  this type of flare will  apparently 

satisfactorily distinguish between at least the two ex t r eme  lunar  sur face  models.  
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Section 5 
DISCUSSION O F  RESULTS 

Detail discussion will  be found in the individually reported sections; however, 

some of the salient points a r e  summarily discussed herein.  

5 .1  EXPERIMENTS 

The question of compatibility of f l a r e  s t ructural  mater ia l s  with C T F  has been 

answered to some degree in that massive aluminum of severa l  types withstood 

the temperature  and vibration environment expected fo r  the flare.  It must be 
remembered  that dynamic s t ruc tura l  similari ty was not necessar i ly  obtained; 

therefore,  s imi la r  t e s t s  should be performed on the end i tem f l a re  in the fu-  

t u re  to a s s u r e  that accelerated corrosion r a t e s  of aluminum do not take place 

in a CTF environment. 

s e a l  a r e a  since seve ra l  fa i lures  occurred during the testing. 

There also remains some developmental work in the 

The combustion tes t  resu l t s  have indicated seve ra l  things fa i r ly  clearly,  namely 

that a slightly aluminum-rich-mixture ratio gave the best performance, and 

when extrapolated to  lunar f la re  size,  it should give adequate light yield to be 

s b s z r v e d  f roni  earth.  

to the extent that finely divided aluminum wool gave performance equal to that 

of powder, indicating that either could be used in a t  l eas t  two different ways 

in the prac t ica l  design of a flare.  The soil penetration tes t s ,  a s  well  a s  some 

of the spectroscopic  t e s t s  discussed la ter ,  confirm the  fact  that  light yield de-  

c r e a s e s  with an increase  in depth ( o r  soil dilution) which reemphasizes the 

importance of having a low areal-density f l a r e  to minimize this effect. 

vacuum compatibility t e s t s  at Amoco were inconclusive since not enough suc- 

cess fu l  t e s t s  were  accomplished; however, a s  discussed la ter ,  the Douglas 

l ight-gas-gun t e s t s  in a low-pressure environment gave resu l t s  consistent with 

the light-yield efficiency of the Amoco air  t es t s .  

Aiso, the question of configuration has  been answered 

The 
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Results obtained in the light-gas-gun 

does occur when impacting a ha rd  o r  

impact t e s t s  indicate that f l a r e  initiation 

soft target  at  lunar impact speeds. These 

resu l t s  a r e ,  however, l imited to a single model configuration and the soft  t a r -  

get evidence is limited to fas tax  photographs and spectrographic resul ts ,  since 
an electr ical  failure prevented taking photometric data on that one test .  The 

light yield obtained in the ha rd  impact tes t  is comparable with the light yield 

obtained in static t e s t s  and indicates a good efficiency for  the conversion of 

chemical energy to light energy (approximately 1/20/0). Since this efficiency 

i s  comparable to the efficiency achieved in s ta t ic  tes t s ,  it i s  evident that there  

was nearly complete combustion of the reactants  in the impact t e s t s  and that 

the reactants remained in the vicinity of the impact fo r  the duration of the f lare .  

The assignment of a temperature  to the f l a r e  i s  somewhat meaningless because 

the radiation i s  not character ized by a graybody distribution except possibly 

between 4500A and 6500A. 

appears  to be quite high--roughly 5000°K. 
quences indicate that physical s t ructure ,  i. e. ,  hard  and soft targets ,  is  d i s -  

cernible because of impact f lash duration differences.  

analysis discussed la te r ,  confirms this point. 

0 0 

Considering just  this region the peak tempera ture  

A comparison of the fastax se -  

The theoretical  impact 

It has been proven that the l ight-gas-gun/ball ist ic range facility can be used 

to effectively simulate f la re  impact. 

possible to duplicate actual lunar  impact velocit ies.  Also tes t s  can be pe r -  

formed a t  low-ambient p re s su res .  In addition, various f la re  configurations 

can be tested. 

mental  effects. 

By performing t e s t s  in this facil i ty it i s  

Also, projecti les containing C T F  can be launched without de t r i -  

The spectroscopic t e s t s  indicate a fairly-high degree of soil  involvement and 

considerable excitation of soi l  constituents by a near  stoichiometric-mixture- 

ra t io  of finely divided aluminum and C T F  under low-ambient p re s su res .  Dif- 

ferentiation between calibration shots and soi l  shots is easi ly  made a s  wel l  a s  

between soils, indicating clear ly  the feasibil i ty of the concept based on th i s  

one se r i e s  of tes ts .  

dilution upon light intensity and the three  gabbro shots do clear ly  establish 

that increasing soil  involvement does dec rease  the intensity of the f la re .  Even 

though photometric data were  not required fo r  th i s  s e r i e s ,  there  was sufficient 

P a r t  of this Same s e r i e s  was to evaluate the effect of soi l  



light emitted f r o m  al l  reactions to obtain interpretable spectrograms.  

also observed that the light emitted during each of these shots which were  con- 

ducted in broad daylight, was bright enough to  penetrate the heavy black mate-  

r i a l  covering the vacuum chamber. 

It w a s  

5 . 2  ANALYSES 

Based upon an extrapolation of experimental data, there  is sufficient light to 

enable the lunar f la re  to be detected above the relatively constant background 

intensity. 

techniques appears  feasible and could be accomplished with some modification 

to existing instrumentation. 

but require  new instrumentation. 

the signal-to-noise ra t io  i s  entirely adequate. 

made in addition to direct  spectroscopy are :  

Spectroscopic observation of the event using direct  photographic 

Other types of measurements  a r e  a lso feasible 

In the case  of electronic instrumentation, 

The measurements  that can be 

1. 

2. 

3. 

Time resolved photometric recording in fixed spec t ra l  intervals.  

Time resolved photometric recording of the total  radiation. 

Spectroscopic recording which utilizes an image intensifier technique 
to ensure adequate exposure in the event of a low intensity flare.  

At least  five observator ies ,  located throughout the southwest U, S., wi l l  be 

needed to observe the event. The interest  which severa l  as t ronomers  have 

expressed  in  observing the event indicates that at l eas t  this many observator ies  

couid be available, and i t  appears  further that  some of the la rges t  telescopes 

could be used. 

The function of predicting where and when the f la re  would impact the lunar s u r -  

face would be per formed by the Deep Space Net. 

with s uff i cient a c  cura  cy using exi sting equipment cons equently modifications 

to improve accuracy a r e  not warranted f o r  this program. 

This prediction can be made 

The s e v e r a l  questions surrounding the actual impact event, relating to optimum 

payload design, probable distribution of the chemically reactive mater ia l s  and 

the nature  and extent of the mixing of the f l a r e  mater ia l s  have been analyzed 

by high- speed computer methods. 

configuration has  the grea tes t  probability of successfully meeting al l  the require-  

ments of near -sur face  reaction against  both hard and soft targets .  

gas-gun t e s t  resu l t s  a l so  confirm the findings of this theoretical  analysis.  

The resul ts  indicate that the triorthogonal 

The light- 
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Section 6 

CONCLUSION 

The ELF concept is feasible insofar as it can be  determined from the l imited 

scope and extent of this study. 
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Section 7 

RECOMMENDATIONS 

Since the scope of the ELF feasibility study was l imited to some extent, the 

following recommendations a r e  made for additional studies which would in- 

c r ease  the confidence level and the probability of success  of the program: 

1. 

2. 

3.  

4. 

5. 

6 .  

7 .  

8. 

9 .  

Additional impact analysis  should be c a r r i e d  out to determine the im-  
pact phenomena due to edge-on collision of a jack-type projectile with 
a hard  lunar  surface.  

A radiation t ransmiss ion  evaluation of the expected lunar  f la re  should 
be made to determine the degree of absorption and t ransmission that 
occurs  during combustion and expansion of the products in a vacuum. 

Investigate the e f fec ts  of the required lunar-lighting conditions (new 
moon o r  old moon) and of the relative location of the cooperating ob- 
se rva tor ies  with respect  to the launch s i te  on the ear th- lunar  flight 
mechanics f o r  a thrust-augmented Delta f rom AMR and a l so  de t e r -  
mine the sensitivity of the t ra jector ies  considered to various possible 
e r r o r s  (vector velocity, launch t ime,  etc.  ). 

Undertake a s ta t is t ical  invefibhtion to es tabl ish the total probability 
of impacting the lunar  surfac d within the des i red  area,  taking into a c -  
count defiladre d i e c t s .  This would a l so  involve studying the s ta t is t i -  
ca l  effects nf ailding 9 ~ k ! - c s ~ : z e  c s r r c e t i o r i  t u  tLe a y - i t i ~ .  

Undertake additional study of the feasibility of special  photometric 
and spectrographic  recording equipment to  be used in the cooperating 
observator ies  . 
Test  additional sma l l  s ize  experimental f la res  under closely con- 
t rol led configuration and instrumentation res t ra in ts  to establish the r e -  
producibility of t e s t  resul ts  in air .  

Tes t  additional small s ize  experimental f l a r e s  under closely con- 
t rol led configuration and instrumentation res t ra in ts  to establish the lu- 
minosity and light yield to be expected a t  different levels of vacuum. 

F i r e  the bes t  model simulations of the actual lunar  f la re  in the Douglas 
Aeroballist ic range using the 3 - 1 / 2  in. gun in o rde r  to  obtain m o r e  
information concerning initiation on impact, efficiency of combustion, 
and efficiency of light yield in relation to three  different simulated 
lunar  soil  porosit ies.  

Experimentally determine the velocity of sound and bulk modulus of 
chlorine tr if luoride.  
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10. 

11. 

12. 

13. 

14. 

15. 

Attempt to acce lera te  simulated lunar surface mater ia l  to collide with 
a model f lare  by the l ine-wave-generator (mousetrap)  method in o r d e r  
to obtain impact initiation and penetration information on a be t te r  s imu-  
lation of the actual lunar  f lare .  

It is fur ther  recommenced that NASA implement plans fo r  an ELF flight- 

demonstration program a s  soon a s  possible. 

\ 

Undertake an analytical and experimental  study of the factors  in- 
fluencing the initiation of the aluminum-chlorine trifluoride reaction. 
The factors to be studied include the effects of different degrees  of 
containment, the configuration of the reactive aluminum, and the 
conditions under which various initiation devices (such a s  contami- 
nant s ) ope ra t  e s a t  i s facto r il y . 
In connection with the reproducibility tes t s  fo rmer ly  mentioned, in- 
vestigate the use of actinometry to define the amount of energy whic 
the chemical reaction radiates in the violet and ultraviolet ( A  < 4300 k ). 
Perform detailed analysis of spec t rograms,  taken both f rom previous 
experiments and during this follow-on phase, in o rde r  to identify 
atomic and molecular  spectra  and relative abundance of products. 

Make f o r m a l  contacts with as t ronomers  in various specific observa-  
tories in the southwestern United States in o r d e r  to begin a definition 
of the specific observational problems associated with each ELF- 
candidate telescope. 

Coordinate with personnel of the Goldstone tracking facility to ensure  
that the communication link with the observator ies  is  properly 
implemented. 



Appendix 

PRELIMINARY ANALYSIS O F  LUNAR SURFACE 

CHARACTERISTICS FOR THE ELF 

FEASIBILITY STUDY 

A. 1 INTRODUCTION 

The purpose of this  study is  to present  current  thinking a s  to  the physical and 

chemical nature  of the lunar  surface for u s e  in the Ear ly  Lunar  F l a r e  ( E L F )  

feasibility study. Several  possible surface models a r e  outlined, and prel imi-  

nary  analyses  a r e  made of those which represent  significantly different s u r -  

face conditions. 

Data and interpretat ions a r e  presented in two sections. 

cal  charac te r i s t ics  a r e  outlined, and from these a representat ive range of 

sur face  models  is selected. Pa r t i cu la r  models a r e  then chosen fo r  considera- 

tion during the E L F  study on the bas i s  of their  presenting significantly differ- 

ent impact situations. Second, possible chemical charac te r i s t ics  a r e  

considered. Information i s  presented concerning the elements which may be 
ny,a”.cln+ - y I I I u  -,....I uG,.~LLaulG 2 - L  - L - L l -  &si -ii-ell C L ~  c s ; e i r i C r i i  wili-isc dyi-cr_tinn Y ~ ~ L Z I C  n - n x r i i p  tkn 

grea tes t  information as to the surface mineralogical composition. 

consideration is given possible surface models which r e p r e  sent significantly 

different chemical situations. 

First, possible physi- 

.. 
r’-”-- ”**_ 

In addition, 

The lunar  sur face  is by no means homogeneous either la teral ly  o r  in depth. 

Therefore ,  each surface model presented in this study must  be con- 

s ide red  to  r ep resen t  a crude and highly oversimplified es t imate  of the condi- 

tions which may  exis t  over some unknown fract ion of the lunar surface. The 

models  presented  a r e  not equally likely to represent  lunar conditions. How- 

ever ,  s ince none can present ly  be excluded, it i s  necessary  to consider all, 

at least initially, in the determination of the ELF feasibility. 
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A number of somewhat exotic hypotheses a s  to nature of the lunar surface 
have appeared f rom t ime to t ime. 

ence of subsurface ices,  carbides,  organic mater ia l ,  and f r e e  radicals .  

These possibilities a r e  not specifically considered since the range of physi- 

cally different impact situations t rea ted  should bound any effects produced by 

the presence of such mater ia ls .  

noted, for obvious reasons,  in the second section where the chemical charac-  

t e r i s t i c s  of the lunar surface a r e  considered. 

These include such concepts a s  the p r e s -  

However, some of these possibil i t ies a r e  

A. 2 PERTINENT PHYSICAL CHARACTERISTICS 

The visible lunar surface i s  believed to be composed pr imar i ly  of granular  

mater ia l  and/or  of slag-like highly porous rock. 

amount of mater ia l  having a bulk density comparable to that of normal  t e r r e s -  

t r i a l  rock can be exposed a t  the surface,  though such ma te r i a l  i s  likely to 

predominate at some unknown depth. 

Only a relatively s m a l l  

Investigators championing the granular  model agree  upon li t t le else.  Es t i -  

mates  of the average grain s ize  range f rom a few microns to a few hundred 

microns o r  so. 

m e t e r s  to a kilometer. 

high, perhaps in excess  of 90% at the surface,  with the porosity decreasing 

with depth. It i s  believed that this surface layer  i s  underlain direct ly  by a 

poorly-sorted mixture of rock fragments ,  by highly f rac tured  incompetent 

rock, by competent rock, by a highly porous mater ia l ,  o r  by some combina- 

tion of these. 

th ree  forms: (1)  an unbonded s ta te  where  the only mutual a t t ract ion is due to 

weak Vander Waals' forces ,  ( 2 )  in a bonded s ta te  produced by the deposition 

of sputtered mater ia l  o r  ma te r i a l  vaporized during meteori te  impact, o r  ( 3 )  

in a bonded s ta te  produced through the action of normal  atomic bonding forces .  

Est imates  of the layer  thickness range f rom a few mi l l i -  

The porosity of the layer  i s  generally believed to be 

In the granular  layer  i tself  the gra ins  a r e  thought to  exis t  in 

Investigators championing the slag model believe the slag to be formed by the 

cooling in vacuo of molten ma te r i a l  produced p r imar i ly  during meteori te  im-  

pact. 

lar ,  with a porosity possibly in excess  of 9070. 
decrease with depth, with the slag-like m a t e r i a l  grading eventually into com- 

pet ent r o ck . 

They believe the surface and n e a r  surface ma te r i a l  to be highly vesicu-  

The porosity i s  expected to 

104 



A number of hypotheses concerning the possible behavior of the lunar surface 

have been formulated. 

tenuous that any solid object placed o r  impacted upon it would penetrate  to 

grea t  depth, to predictions that the surface should pose no par t icular  bearing 

problems. 

These range from predictions that the surface is  so 

It should be noted that most investigators favor the la t te r  case. 

A representat ive cross-sect ion of the various surface models covering the 

range of postulated surface behavior is given in Table A-1. 

In this feasibility study it i s  desirable  to choose a s e t  of surface models 

which will  cover the range of possible lunar surface conditions and which a l so  

can be used for  experimental  and theoretical  studies. Of par t icular  in te res t  

i s  the choice of models which represent  significantly different impact s i tua-  

t ions- 

surface models: 

Four  c r i t e r i a  a r e  suggested a s  the basis  for choosing the pertinent 

1. 

2. 

3. 

Depth and t ime of penetration and deceleration history. 

Amount of surface ma te r i a l  involved in f l a r e  reaction. 

Amount and charac te r i s t ics  of e jecta  (important a s  regards  observa-  
tion of f lare) .  

Degree of bur ia l  by surface mater ia l  (a l so  important as regards  ob- 
servat ion of flare).  

4. 

A. 2. 1 Penetrat ion 

At the expected lunar impact velocity the only physical parameter  determining 

the impact behavior, insofar a s  depth and t ime of penetration, and dece lera-  

tion h is tory  a r e  concerned, i s  bulk density ( o r  porosity). Thus, the extreme 

models f o r  penetration a r e  model D and those models in which an  = 9 0 %  por-  

osity extending to depth i s  assumed, in par t icular  Models A and B (fine 

grained).  

(Cornel1 University). They have made est imates ,  based in par t  upon labora-  

to ry  experimental  data, of the bulk density (and porosity) to be expected a s  a 

function of depth below the lunar surface. 

Model B, (fine grained) has been proposed by Gold and Hapke 

In doing this they have assumed 
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Table A-1 ' 

LUNAR SURFACE PHYSIC 

Gra in  Shape - - -  Gene ral ly  Same as B - - -  
i r r egu la r  

P o  r o s i ty Possibly g rea t e r  Same as A i f  Same as B o r  Small  except : 
than 90% at s u r -  fine gra ins  less thin surface 

~- _______~ 

Single Layer  Models 

A B C 
1 

D 
~ ____ 

Type Model Porous  Slag Deep loose Deep adhering Competent ro{ 
granular  layer  granular  layer  covered by 

ligibly thin 
granular  laye 



AL MODELS 

k 
r -  

Multiple Layer  Models 

E F G 

Loose granular  Cemented granular  Slag ( < 1 me te r )  
( <  1 me te r )  grading ( <  1 m . )  grading over  competent 
into rock fragments into rock fragments  rock 
and competent rock and competent rock 

Same as B in  granular Same as E - - -  
l ayer  

Same as B in  granular 
layer  

Same as E 

Same as B in  granular 
layer ;  porosity of 
lower layer  dependent rock  layer  
on type of mater ia l  
p resent  

Same as E Same as A in s lag 
layer ;  small in  

Low to  medium but 
with good support with underlying lying ve ry  good 
given by underlying good support  support  
l ayer  and no excessive 
sinkage 

Low to medium Low with under - I 



' 
an = 1 - 5 0 ~  grain diameter,  with the average s ize  being z l o p  and a ma te r i a l  

density of 3.5g cmb3*  Their data a r e  as follows: 

Depth Porosi ty  Bulk Density 
0 (70) (g/cm-3) 

0 

1 

10 

100 

5 00 

1000 

90 

89 

86 

8 0  

7 3  

7 0  

0 .35  

0. 38 

0.49 

0.70  

0.94 

1. 05 

No such calculations have been performed for  Model A. However, for  this 
model, the porosity should decrease  with depth at  least  a s  fas t  a s  given in 

this table. F o r  Model D the bulk density can be considered to be about the 
-3  same a s  the mater ia l  density ( r 3 .  5 g/cm ). 

A. 2. 2 Surface Materials 

The minimum amount of mixing between surface and f l a r e  ma te r i a l  will  prob- 

ably occur  fo r  Model D. The maximum amount of mixing will probably occur 

for  Model B (fine grained) though other models may approach or equal this 

model. 

F r o m  the studies conducted by NASA Ames and others  it appears  that m o r e  

ejecta a r e  emitted f rom impacts into granular than bulk mater ia l .  

the p rec i se  effects of porosity, g ra in  size and degree of bonding upon the 

amount and behavior of ejecta a r e  not known. 

s ider  two separate  possibilities, a s  follows: 

However, 

Due to this  uncertainty we con- 

1. If penetration for  Model B (fine grained) i s  not excessive then the 
minimum amount of ejecta would be produced f rom Model D. (Model 
B (fine grained) would then produce the maximum amount with pos- 
sibly Models C, E and F producing comparable amounts. Model B 
(fine grained) would present  as se r ious  a case a s  any since the bulk 
of the ejecta would be composed of gra ins  of s ize  approaching the 
wavelength of visible l igh t ) .  

If penetration f o r  Model B (fine grained) is  excessive this model 
would produce the minimum amount of ejecta. 
( coa r se  grained),  E and F in which either the porosity i s  significantly 
l e s s  than 90% o r  the surface mater ia l  i s  underlain by a m o r e  com- 
petent sublayer could provide maximum ejecta. 

2. 
Models such a s  B 
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Though uncertainty exis ts  as to  

covered to a reasonable degree 

and D. 

which case  may be applicable, both can be 

by studying Models B (fine and coarse  grained) 

A . 2 . 4  Bur ia l  

Maximum burial  should occur fo r  Model B (fine grained) with Model A falling 

close to  this. Minimum burial  should occur for Model D. 

The resul ts  of this discussion a r e  given in the following table. 

a r rows  indicate surface models which may be roughly equivalent. 

The double 

Penetration Mixing Ejecta Burial  

Upper Extreme A-B (fine) B (fine) B (coarse)-C, E B (fine) 
o the r s?  F o r  B (fine) 

Intermediate E, B (coarse)  E --- B (coa r se )  

Lower Extreme D D D o r  B (fine) D 

It can be seen f rom this table that to obtain a reasonable certainty that the 

extreme impact situations a r e  covered in  the E L F  feasibility study only 

Models B (fine grained), B ( c o a r s e  grained) and D need be investigated (Model 

B ( coa r se  grained) needs to be considered only a s  regards  ejecta).  

A. 3 PERTINENT CHEMICAL CHARACTERISTICS 

Chemical models of the lunar sur face  represent ing the range of current  thought 

a r e  given in this section. 

determine those which represent  significantly different ca ses  insofar a s  e le-  

mental  composition i s  concerned. 

whose detection could provide the grea tes t  amount of information as to the 
sur face  and near  sur face  mineralogy. 

Pre l iminary  analysis  of these models is made to  

In addition, note i s  made of those elements 

In this preliminary study, average elemental  compositions a r e  used fo r  a l l  

models. 

model listed, especially for  those representat ive of t e r r e s t r i a l  igneous and 

sedimentary rocks. Meteorites a r e  somewhat l e s s  variable in this respect ,  

Considerable compositional var ia t ions can be expected within each 
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and the  tekti tes appear to  be least variable of all. 

age compositions has ser ious drawbacks, par t icular ly  since the ELF will  

represent  essentially a "point" sampling and there  is no reason  why the s u r -  

face composition a t  t h i s  point need represent  an "average" composition. 

ever ,  the use  of average compositions is  of value, par t icular ly  during the 

initial feasibility studies, in presenting the elements which may o r  m a y  not 

be present,  and in indicating approximately the relative abundances of these. 

Obviously the use of aver -  

How- 

In the tables  to follow, representing the possible surface models, the nunieri- 

cal  values given a r e  the weight percentages of the oxides and, in parentheses  

following, of the elements. T r a c e  elements a r e  not l isted because the chance 

of the i r  being detected through use  of the ELF i s  m u c h  l e s s  than that of major  

elements. 

elements . 
Moreover, they have less diagnostic value than do the major  

A iiiirriber of investigators believe t h a t  the lunar surface i s  composed pr imar i ly  

of ma te r i a l  analogous to t e r r e s t r i a l  igneous rock. 

position of various t e r r e s t r i a l  igneous rocks. 

favor the ul t rabasic  (peridotite) t o  basic (basal t )  composition though some be- 

lieve differentiation may have occurred to the extent that intermediate  (dior i te)  

and /o r  acidic (granite) rocks a r e  present. The average igneous rock column 

shown i s  not an  average of the four preceding columns but r ep resen t s  a long- 

accepted est imate  of the average compusiiicii of thz c u t e r  :en ~liile.s of t l i C  

e a r th ' s  crust .  

average basal t  and could represent  lunar surface composition if only a smal l  

to  moderate  amount of differentiation h a s  occurred. 

Table A - 2  gives the com- 

Most of these investigators 

It is v e r y  close to  being one pa r t  average grani te  to one par t  

Other investigators believe the lunar  surface to be of meteori t ic  composition. 

The average  meteori te  composition is shown in Table A-3. 

that of chondrites which a r e  estimated to make up over 80% of all meteorites.  

Note that t h e  chondrites (and achondrites also), though usually thought of a s  

stones,  do commonly contain a significant proportion of nickel-iron and t roi l i te  

phases  and therefore  cannot be regarded a s  pure  si l icate phase. 

of the average  meteori te  into the three phases  shown in the table is probably 

most  convenient fo r  the purposes of the study. However, t h e  th ree  phases 

a r e  not necessar i ly  to be associated with par t icular  c lasses  of meteorites;  

It approximates 

The division 
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Table A-3 

METEORITES 

~~ ~ ~~ 

Aver age 
Average Average Nickel-Iron 

Oxide (Element) Silicate Phase  Troil i te Phase  Phase  

Si02 

A1203 

Fe203 

FeO 

CaO 

Na, 0 
L. 

K2° 

FeS 

F e  (metall ic) 

Ni {metallic) 

Others  

35. 3 

2. 9 

0. 1 

13. 0 

19. 7 

2. 6 

0. 8 

0 . 2  

(16. 5) 

( 1. 5) 

( 0.1) 

(10. 1) 

(11. 8) 

2. 3b 

1. 9) 

0. 6) 

0. 2) 

7 . 4  (4 .7)  

(2.7) 

- 
0 . 3 "  

14. 0 

1 . 3  

2. ! d 

Total  76. 9 7 .7  15. 5 

All three phases: 

Total Fe: 28. 9% 
Total  Ni: 1.6% 

a Does not include 0 in oxides of "others. " 

bTi, Mn, P, Ni, C r y  Co; i n  par t  as oxides. 

C Mn, P, Ni, C r y  Co. 

dCo. 



the composition of each phase is calculated f rom its composition and abun- 

dance in  all meteori te  c lasses .  

According to some students of the moon, the tekti tes are objects blasted f r o m  

the lunar surface as a resul t  of meteori te  impacts. 

therefore,  represent  t h a t  of the lunar surface. 

tion is shown in Table A-4. 

representative of this ma te r i a l  since tekti tes do not show g rea t  chemical 

variation despite their  occurrence in widely scat tered a r e a s  of the earth.  

Thei r  composition may, 

The average tekti te composi- 

The single set of values given is probably t ruly 

Table A-4 
TEKTITES 

~ ~~~ ~~ 

Oxide (Element) Averagea 

FeOb ( F e )  

N a 2 0  ( N a )  

K2° (K) 

Other Oxides 

( O F  

74.4 (34.7) 

13. 1 ( 6.9) 

4.5 ( 3.5) 

2. 1 ( 1.3) 

1.9 ( 1.4) 

1.3 ( 1.0) 

2 .  1 ( 1 .7 )  

0.9 

(48.9) 

Total  100.3 

a Based on averages  of 10 moldavites, 
2 bediasites, 38 tekti tes f r o m  the Southeast 
Asia and Malaysia fields,  9 aus t ra l i tes ,  
and 3 Ivory Coast Tektites. 

bAll Fe Calculated as FeO. 

C Does not include 0 in "other oxides. ' I  
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At least  one recent theory holds that the lunar mar i a  may consist of sediments 

deposited in  oceans that once existed on the moon. 

bility the compositions of the common t e r r e s t r i a l  sedimentary rocks a r e  

shown in Table A-5. These a r e  probably the least  applicable to the E L F  

study, not only because the hypothesis i s  more improbable but a lso because 

such sediments,  even if they exist  may not resemble  those of the earth. 

To allow for  this possi-  

A. 4 CONCLUSIONS 

The following comments a r e  in order :  

1. 

2. 

3. 

4. 

In all cases  the elements of importance number no more  than twelve; 
in many cases  fewer than this. Differences in rock type a r e  the re -  
fore  expressed a s  changes in relative proportions of a sma l l  group 
of elements ra ther  than a s  the presence o r  absence of cer ta in  key 
elements. Oxygen is  the most  abundant element, silicon i s  next 
(except for  the average meteorite, a s  noted in the next comment). 
F o r  the most probable lunar surface rocks these two elements can 
be expected to make up the ~ U Y K  of t h e  conctitiients--almost 5070 of 
the average meteori te  and 6070 to over 8070 of the others.  

In the average meteorite,  i ron is the second most  abundant element, 
being almost equal to oxygen, the two together making up some 6070 
of the constituents. 
100% is nearly identical to periaotite; in  fact, the average meteori te  
can be regarded a s  ultra-basic igneous rock diluted with iron. 
should the E L F  impact an a r e a  of the moon composed largely of the 
si l icate phase, meteori te  and ultra-basic would be indistinguishable. 
‘ lhe two c a r i  be ciiszi~oni-kd 0 -- chiefly hy the i ron  content in  meteori te  
compositions close to  the  average, o r  with m o r e  pleiitiiii: cickrl- 
i ron  and t roi l i te  phases. 

The various stages of differentiation in  the igneous rock s e r i e s  a r e  
character ized by c lear  and distinct chemical changes. 
ul t ra-basic  to  acidic there  i s  an increase  in silicon, potassium and 
oxygen and a decrease  in  iron, magnesium, and, except for  a r e -  
v e r s a l  in  the ul t ra-basic  end, calcium. 

The average tektite is  very similar to the average granite. 
tains somewhat more  i ron and magnesium and somewhat l e s s  sodium 
and potassium than the granite. This difference i s  not grea t  enough 
to distinguish the two on the basis of the E L F  resu l t s  but may be of 
significance in the experimental mater ia l s  used in the feasibility 
study. 
taining much l e s s  than 0. 170 water on the average, but this difference 
is probably not detectable in the E L F  project. 
pointed out that, again except for water,  tekti tes a r e  close in compo- 
sition to some common t e r r e s t r i a l  sandstones which differ signifi- 
cantly f r o m  the average sandstone shown in Table A-5. 

However, the si l icate phase recalculated to 

Thus, 

In going f rom 

It con- 

There is a lso a difference in water  content, the tekti tes con- 

It should also be 
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Table A-5 

TERRESTRIAL SEDIMENTARY ROCKS 
~ ~~~~~~ ~~ ~~~ 

Average Average Average Aver age 
Se dim e nt a Oxide (Element) Shale Sandstone Limes  tone 

58. 1 (27. 1) 78. 3 (36. 5) 5. 2 ( 2.4) 58. 0 (27. 1) 

15 .4  ( 8. 2) 4. 8 ( 2. 5) 0. 8 ( 0.4) 13.4 ( 7. 1) 

1. 1 ( 0. 8) 0. 5 ( 0.4) 3. 5 ( 2. 5) 4 .0  ( 2. 8) 

2 .5  ( 1.9)  0 . 3  ( 0.2)  - -  - -  2. 1 ( 1. 6) 

2.4 ( 1.4) 1 .2  ( 0 . 7 )  7. 9 ( 4.7)  2 .7  ( 1.6) 

3 .1  ( 2.2)  5. 5 ( 3. 9) 42. 6 (30.4) 5. 9 ( 4. 2) 

1 . 3  ( 1.0)  0 . 5  ( 0.4)  0. 1 ( 0. 1) 1. 1 ( 0 .  8) 

3. 2 ( 2. 7) 1 . 3  ( 1.1) 0. 3 ( 0. 2) 2. 9 ( 2.4) 

5.0  ( 0. 6) 1 .6  ( 0. 2) 0. 8 ( 0. 1) 3. 2 ( 0.4) 

2 .6  ( 0. 7)  5 . 0  ( 1.4) 41 .5  (11.3) 5 .4  ( 1.5) 

2 . 3  0. 5 0 .2  1. 9e d 

( O F  (49. 0) (51. 9) (49. 7) (49. 0) 

Total 99. 9 100.1 99. 9 100.1 

Based on approximately 8070 shale,  1270 sandstone, 670 l imestone. a 

in  co2 only. 

'Does not include 0 in "other oxides. 

dIncludes 0. 8% C. 

e Includes 0. 770 C. 
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5. The sedimentary rocks differ f rom the igneous rocks chiefly in  having 
l e s s  sodium and m o r e  carbon and water. The low sodium is due to 
the fac t  that in the geochemical cycle of rock breakdown the sodium 
is retained in the s e a  and not completely returned to the sediment. 
The higher carbon content is due to life-derived organic ma t t e r  and 
limestone. The increased water  resul ts  f rom the formation of hy- 
drated and OH-bearing minera ls  i n  the course  of weathering, t r a n s -  
portation, and deposition; some is a lso present  in  organic hydrocar -  
bons. Thus, the differences a r e  the resul t  of the presence on ea r th  
of oceans, r i ve r s  and atmosphere,  and for this reason  the sediments 
a r e  the lease likely of the groups shown in the tables to occur  on the 
moon. In any case,  except for  these differences, the average sed i -  
mentary rock is very  close in composition to the average igneous 
rock inasmuch as t e r r e s t r i a l  sediments a r e  derived ultimately f r o m  
the breakdown of igneous rocks.  
is similar to  the average igneous rock; it is estimated to  be the most  
abundant sediment type and hence dominates the average. 

Water content is ve ry  low in all groups except the sediments.  
cause of the abundance of oxygen, water must  be detected by m e a s -  
urement  of hydrogen, the weight percentage of which is almost  an 
o rde r  of magnitzde lrrwor than that of molecular water.  An exception 
to this i s  one type of carbonaceous chondriie, in which water  contents 
of as much a s  20’70 were  measured.  However, carbonaceous chon- 
dr i tes  of all types a r e  r a r e  on earth,  and, in addition, it is possible 
that much if not a l l  of this water was picked up i n  the t e r r e s t r i a l  en-  
vironment ra ther  than being indigenous to the meteori tes .  
ably safest  to count on very  little water being present  in  ma te r i a l  of 
mete  o r  itic c ompo s ition. 

Possible  lunar sources  of water  a r e  surface ice in permanently 
3hdC‘::d Tones, subsurface deposits probably in the fo rm of ice, 
ice-filled f i s su res  o r  c racks  ?,err  :lie z ~ r f i c e ~  and OH- and water -  
bearing minerals .  However, none of these sources  a r e  likely ZC! 

contribute water  to  the flare. Permanent ly  shadowed zones with 
sur face  ice, if they exist  at all, can exist only in the polar regions, 
whereas  impact wil l  occur in a near-equator ia l  zone. 
deposits can contribute only if they a r e  shallow enough to be within 
the penetration and excitation depth of the f la re  and if  they exis t  e s -  
sentially at  the point of impact. Depths, of course,  a r e  unknown 
and could be within t h a t  of the impact. 
the ice-filled f i ssures ,  if they exist, will  be low. The low water  
content of the rocks shown in the tables (excluding the sediments) 
shows that p r i m a r y  OH- and water-bearing minera ls  do not con- 
tr ibute significantly in t h i s  regard. F o r  example, the micas  and 
amphiboles, the major  OH-bearing minera l  species of igneous rocks 
can compr ise  as much as 20Yo of the rock (although commonly it is 
less than t h i s )  but contain only some 270 of water  by weight. Second- 
a r y  minera ls ,  such a s  serpentine, the zeolites, and the clay min-  
erals, contain m o r e  water-- in  the range of 10% to 2070--but a r e  
formed in the t e r r e s t r i a l  environment by hydration due to  weathering 
ground water  circulation, and hydrothermal alteration, p rocesses  
that probably do not occur  on the moon. In summary,  ELF should 

Note that the average shale,  too, 

6 .  Be-  

It is prob-  

Subsurface 

And the a r e a l  proportion of 



be designed on the assumption of very low water  content of the lunar 
surface mater ia ls .  

In one recent  study it has been est imated that organic mat te r  could 
have been formed in the past  and could s t i l l  exis t  on the moon. 
ganic mat te r  can be detected in the E L F  project  mainly by measure-  
ment of carbon abundance, although other elements,  such' a s  hydrogen, 
oxygen, nitrogen, and sulfur,  would be present.  Carbon is  virtually 
absent in a l l  the groups l isted in the tables except the sediments, in 
which case i t s  presence (to the extent of about 170 to 270) i s  due to 
organic activity. Again, the carbonaceous chondrites a r e  an  excep- 
tion in  that they may contain up to  3.570 but, a s  has been mentioned, 
they a r e  extremely r a r e  on ear th  and presumably a s  r a r e  on the 
moon. 
organic ma t t e r  could have been formed on the moon and could be 
localized at  a depth of a few tens of meters .  
the depth of impact of the ELF payload. 
curred a s  a resul t  of meteori te  impact, this 10 gm/cm2 of organic 
mat ter  may be dispersed through the lunar surface ma te r i a l  to a 
depth not exceeding a few tens of me te r s ,  according to  the study. 
In this case,  if a depth a s  little a s  10 m e t e r s  and a bulk density of 
the lunar surface mater ia l  a s  low as 0.3 g m / c m 3  a r e  assumed, a 
maximum of ( 1 0  x 100)/(0.3 x 1000) = 370 of organic ma t t e r  can be 
present. 
of unspecified composition but perhaps 170 o r  so could be est imated 
f o r  the maximum carbon content if organic  mat te r  is  present  under 
the conditions se t  forth in the study. 
sedimentary rocks and a l so  well  within the range of the carbonaceous 
chondrites so that the carbon measurement  might not unambiguously 
demonstrate the presence of organic mat ter .  Hydrogen, because of 
its low atomic weight, would constitute a smal le r  proportion than 
carbon. The presence of nitrogen,' especially in  combination with 
carbon and hydrogen, would strongly indicate organic mat te r ,  but 
i ts  proportion by weight would be enough l e s s  than that of carbon to 
make detection difficult if not impossible.  Oxygen and sulfur, of 
course, a r e  present  in the rocks and meteor i tes  and a r e  not unique 
to organic mat ter .  
assumed in the study this 370 of organic  ma t t e r  can be observed in 
the E L F  experiment. 

LOSS of atoms can occur  a s  the resu l t  of sputtering by low energy 
solar par t ic les  if these par t ic les  can s t r ike  the surface.  
e s s  may o r  may not affect the composition of the lunar  surface ma-  
te r ia l s  a s  measured  in the E L F  experiments ,  depending upon the 
degree to which accret ion and mixing r a t e s  counter-balance that of 
sputtering. Data f rom sputtering experiments  point to r a t e s  such 
that some 17 cm of thickness may have been lost  f rom the surface 
of the moon since i t s  origin. These data a l so  indicate that oxygen 
may be removed preferentially,  leaving the surface enriched in  ca-  
tions. 
lunar sur face  during the lifetime of the moon the zone of enrichment 
could extend no more  than a few atom l aye r s  in depth and the change 
in composition would be negligible. 

7. 
O r -  

In the study it i s  es t imated that a s  much a s  10 gm/cm2 of 

This may well  be below 
However, if mixing has  OC-  

Presumably  this would be in the fo rm of carbon compounds 

This  i s  within the range of 

Therefore,  it  i s  unlikely that under the conditions 

8. 
This proc-  

Thus, if no ma te r i a l  i s  assumed to have been added to the 

At the other  ex t reme,  if the r a t e  
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9. 

of accret ion of new ma te r i a l  i s  assumed to have just  balanced the 
ra te  of oxygen removal, the cation-enriched zone could attain a 
thickness of about 17 cm. 
a perfect  balance of r a t e s  is  highly improbable a more  reasonable 
es t imate  may be in the neighborhood of 8 to 10 cm. Therefore,  *if 
the depth of impact and excitation of the E L F  payload i s  large com- 
pared to this,  say of the o rde r  of one me te r  o r  more,  the composi- 
tion change would be negligible. F o r  shallower depths, however, 
the cation abundances would increase relative to that of oxygen, but 
in this case the relative proportions of the cations would remain 
about the same a s  in the parent rock provided the cation sputtering 
r a t e s  a r e  not too different one from the other.  

Other processes  that may affect the composition of the surface ma-  
t e r i a l s  a r e  metamorphism, meteor  slag formation, and medium to 
high energy so lar  and cosmic radiation. 
nificantly the compositions listed In the tables,  T e r r e s t r i a l  meta-  
morphic p rocesses  generally involve redistribution of the chemical 
elements of the rock so that new minera ls  a r e  formed at the expense 
of the old without greatly changing the bulk chemical composition. 
The local melting involved in  the formation of slag, a s  envisioned 
by the meteor  slag theory, would possibly a l so  resul t  in change of 
minera l  facies  but no grea t  ehazge in biilk chemical composition. 
Some volatiles may be lost in  the process  but the compositions shown 
in  the tables a r e  a l so  essentially volatile-free. Solar and cosmic 
r ays  of medium and high energy have been estimated to affect a t  
most  a very  thin layer  of the surface--insignificant f rom the point 
of view of the ELF. 

This is a maximum figure,  and since such 

None is likely to a l t e r  s ig -  

A,5  SUMMARY 

The chemical elements of highesi abundance dr-e zs;ti=-rfed to be oxygen, 

silicon, iron, aluminum, magnesium, and calcium. Those of grea tes t  diag- 

nostic value a r e  silicon, iron, magnesium, calcium, and potassium for  d i s -  

tinguishing rock types, hydrogen f o r  detecting water  o r  water-bearing mate-  

r ia ls ,  and carbon and nitrogen for detecting organic mat ter .  

and comments a r e  intended as guidelines for  initiating the compositional as- 

pects  of the E L F  study. 

These tables 

I 
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